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II.	‐	ABSTRACT: 
Reverberation is defined as equally-spaced, bright linear echoes resulting from reflection from 
specular-type interfaces. They are provoked by the acoustic Impedance change between the 
tissue and transducer front surface. B. Angelsen developed a mathematical approach to 
correct this ultrasound artifact by coupling the ultrasound transducer with an ideal electrical 
load in order to obtain zero reflection coefficients on the transducer from face [1]. However, 
when analyzing Impedance spectroscopy this approach cannot be achieved by using passive 
electronics in most simulated cases. Active impedance may be seen as a trend to improve 
image quality. This research therefore implements and simulates methods for active 
impedance synthesis [5] and applies Particle Swarm Optimization to the proposed electronics. 
Finally, the simulations are compared through a LAB experiment. 
Material, Methods and Results:  “Zi”, the electrical impedance of a specific transducer is 
simulated using X-Trans and Matlab software. 
Given Zi, the ideal electrical Impedance of the 
matching network called Z0 is calculated to cancel 
the reverberation. The PSO algorithm is applied to 
the total input impedance of passive and active 
electronics to approach Z0 and minimize the 
reflection coefficients. The simulation is tested 
with a laboratory experiment where two 
transducers face each other and the pulse echo is 
measured at transducer 1, amplitude is decreased when the electronics are added to transducer 
2, which proves that the front face of the second transducer becomes more absorptive due to 
the connected load. The graph shows the signal-to-signal ratio, the division of the power 
energy spectrum of the measured signals when transducer two is connected to the electronics 
and a reference signal. This reference signal is the pulse echo when the same transducer 2 is 
not connected to a load. Because a reduction exists, the ratio is below to 1 on y-axis. X-axis is 
given in MHz and the simulated transducer has a central frequency of 4 MHz. 
Conclusions: Reduction of the Ultrasound Transducer surface reflection coefficient is 
possible with active electronic. The general approach towards Impedance synthesis utilizes a 
filter design to affix the values of the Active Impedance. 
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8)	REVIEW	LITERATURE	
8.1 ULTRASOUND IMAGING BASES  
I n  t h i s  s e c t i o n  t h e  p r i n c i p l e s  o f  t h e  p u l s e  e c h o  i ma g e  w i l l  be  
s u p e r f i c i a l l y  t r e a t e d ,  t h e  s t u d y  p r o b l e m i s  i n t r o d u c e d  a s  a n  i ma g e  
a r t i f a c t  an d  fo r mu l a s  fo r  s i m u l a t i o n  w i l l  b e  a l s o  w r i t t en .  
8 .1 .1  WAVE PROP AGATI O N  
W h e n  a  p r o p a g a t i n g  w a v e  “ V p e ”  e x p e r i e nc e s  a n  a c o us t i c a l  i mp e d a n c e  
c h a n g e ,  i . e .  i t  f a c e s  a  d i f f e r e n t  me d i u m,  p a r t  o f  i t s  e n e r g y  w i l l  
e x p e r i e n c e  d i f f e r e n t  p h y s i c a l  p h e n o me n o n  s u c h  a s :  t r a n s mi s s i o n ,  
r e f l e c t i o n ,  d i f f r a c t i o n  a n d  s c a t t e r i n g .  I f  V p e  i s  n o r m a l  t o  t h e  t a r g e t  
p l a n e ,  t r a n s mi s s i o n  a n d  r e f l e c t i o n  w i l l  o n l y  a p p e a r  p r ov o k i n g  t w o  n e w  
waves :  “V p e _ t ”  a n d  “ V p e _ r ”  k n o w n  a s  t h e  t r a n s mi t t e d  a n d  r e f l e c t e d  
w a v e s  r e spe c t i ve l y .   
T o  i l l u s t r a t e ,  l e t ’ s  c o n s i d e r  t h a t  a  t r a n s d u c e r  f a c e s  i n  w a t e r  t h an k  t o  a  
d i sk  r e f l e c to r ,  pa r t  o f  t he  ene rgy  w i l l  be  abso rbed  by  t he  t a rge t  wh ich  
i s  t h e  t r an s mi t t e d  w a v e ,  a n d  p a r t  o f  t h e  e n e rg y  w i l l  b e  c a p t u r ed  b a c k  
b e c a u s e  o f  t h e  r e f l e c t i o n .  T h o s e  p u l s e s ,  r e f l e c t e d  a n d  t r a ns mi t t e d  
c o n t a i n  i n f o r ma t i o n  o f  t h e  s e n t  p u l s e  V p e  a n d  o b e y  f o r mu l a  1 .   
_ _PE PE T PE RV V V                                                       Eq. 1 
I f  t h e  a c o u s t i c a l  i m p e d a n c e  p ro p e r t y  o f  t h e  r e f l e c t o r  “ Z O b j e c t ”  i s  w e l l  
k n o w n ,  t h e  r e f l e c t i o n  “ R ”  a n d  t h e  t r a ns mi s s i o n  “ T ”  c o e f f i c i e n t s  c a n  b e  
found  by  fo rmu la  2 .  Fo r  t he  wa t e r  t ank ,  t he  r e f l e c t i on  o r  t r a n s mi s s i o n  
o n  t h e  t a rge t  s u r f ac e  i s :   
2object water object
object water object water
Z Z Z
R T
Z Z Z Z
                                              Eq. 2 
I n  t h e  sa me  w a y ,  i t  i s  a l s o  p o s s i b l e  t o  kn o w  t h e  c o e f f i c i e n t s  a n d  
m u l t i p l e  p u l s e s  i n  a  c h a n ge a b l e  me d i u m,  b y  u s i n g  fo r mu l a  2  f o r  e a c h  
o n e .  C h a p t e r  3  i n  [ 1 ]  i n t r o d u c e s  s o me  me t h o d s  f o r  c o mp u t i n g  t h e s e  
m u l t i p l e  r e f l e c t i o ns  a n d  t h e i r  c o n t r i bu t i o n s .   
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8 .1 .2  IMAGE FORMATION AND DISTURBANCES  
8 . 1 . 2 .1  PULSE ECHO  
T o  c o mp u t e  a n d  s i mu l a t e  t h e  t r a nsmi t t e d  p u l s e  t ha t  i s  e x p u l s e d  o n  t h e  
t r a n s d u c e r  f r o n t  f a c e ,  P t t ,  e q u a t i o n  3  i s  u s e d .   
_tt tt L e tx gP H Z H V                                                                    Eq. 3 
T h i s  o u t c o me  p r e s s u r e  o n  t h e  s u r f a c e  i s  p roduc t  o f  t he  t r an s f e r  f unc t i on  
He t x  o f  t he  e l ec t r i c a l  ne twor k  coup l ed  t o  t h e  e l e c t r i ca l  t e r mi n a l s  o f  t h e  
t r ansduce r ,  t he  t r ansdu c e r  t r a n s f e r  fu n c t i o n  H t t ,  t h e  a cous t i c a l  t i s sue  o r  
w a t e r  i mp e d a n c e  Z L  a n d  t h e  u s e d  e x c i t a t i o n  v o l t a g e  s i g n a l  V g .   
T h e  p u l s e  e c h o  V p e  c a p t u r e d  a t  t h e  r e c e i v e d  e l e c t r i c a l  t e r mi n a t i o n  t ha t  
i n  s o me  c a s e s  i s  d i s p l a y e d  u s i n g  a n  o sc i l l o scope  fo l l ows  equa t i on  4 .   
_2pe tt ac e rx t ttV H H H R P                                                             Eq. 4 
He r x  i s  t he  t r a n s fe r  fu n c t i o n  o f  t h e  e l e c t r i c a l  ne t w o r k  u se d  i n  r e ce p t i o n ,  
i n  s o me  c a s e s  t h e  s a me  c i r c u i t  i s  u s e d  f o r  t r a n s mi s s i o n  a n d  r e c e p t i o n .  
R t  i s  t h e  r e f l e c t i o n  c o e f f i c i e n t  c a u s e d  b y  t h e  r e f l e c t o r ,  a n d  f i n a l l y  H a c  
a s  c a l l e d  i n  [4 ]  i s  t h e  ac o u s t i c a l  t r a n s fe r  fu n c t i o n  fo r  t h e  s i g na l  
c h a n n e l .   
B e c a u s e  o f  t h e  t r a n s d u c e r  su r f a c e  r e f l e c t i on  coe f f i c i en t s ,  i n  a  p r ac t i c a l  
expe r ime n t  o f  t he  t r an sduce r  r ad i a t i n g  t o  a  f l a t  d i sk  r e f l e c t o r  i n  a  
n o r ma l  d i r e c t i o n  i n  a  w a t e r  t a n k ,  t h e r e  w i l l  b e  r e v e r be r a t i o n  V r e v 1  t h a t  
c a n  b e  sa i d  a s  a n  i ma g e  a r t i f a c t .  Th i s  r e v e r b e r a t i o n  c a n  b e  c o mp u t e d  
w i t h  e q ua t i o n  5 .  H o w e v e r ,  i f  b o t h  t h e  pu l s e  a n d  t h e  r e f l e c t i o n  
c o e f f i c i en t s  a r e  b ig  t h e r e  wi l l  b e  mor e  t h a n  on l y  o n e  r e v e r b e r a t i o n  e c h o  
V r e v 2 ,  a s  fo r mu l a  6 .  M o r e  a n d  mor e  e c h o e s  w i l l  n o i se  o u r  i ma g e  u n t i l  
b e i n g  a t t e n u a t e d  b y  t h e  s i g n a l  c h a n n e l  H a c .    
 1 2 2rev TXD ac t peV R H R V                                                             Eq. 5 
2 12 2rev TXD ac t revV R H R V                                                           Eq. 6 
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B y  u s i n g  f o r mu l a s  4 ,  5  a n d  6 ,  i f  t h e  r e f l e c t i on  o n  t h e  s u r f a c e  R T X D  i s  
d e s i r e d  t o  b e  f o u n d ,  t h e  r a t i o  b e t we e n  f o r m u l a  5  a n d  4  o r  5  a n d  6  i s  
u s e d  a n d  s h o u l d  b e  e x a c t l y  t h e  s a me .   
1 1rev
TXD
pe t ac
VR
V R H
                                      Eq .  7  
W h e n  t h e  t r a n s d uc e r  i s  p l a c e d  a s  c lo s e  a s  p o s s i b l e  t o  t h e  f l a t  d i s k  
r e f l e c t o r ,  t h e  s i g na l  c h a n n e l  H a c  i s  n e g l e c t e d  o r  c o mp u t e d  a s  o n e .    
8 . 1 . 2 .2  REVERBERATION 	
Reve rbe ra t i on  i s  de f i ned  a s  equa l l y  
s p a c e d ,  b r i g h t  l i n e a r  e c h o e s  r e s u l t i n g  
f ro m r e f l e c t i on  f rom specu l a r - t ype  
i n t e r f a c e  [2 ]  a s  f i g u r e  1 .  D u e  t o  t h e  
i mp e d a n c e  c h a n g e  d i s cus sed  ea r l i e r ,  t h e  
pu l s e  e cho  o r  i ncomi ng  wave  w i l l  h i t  t he  
t r a n s d u c e r  f r o n t  s u r f a c e ,  w h i c h  h a s  
d i f f e r e n t  a c o u s t i c a l  i mp e d a n c e  t o  t he  t i s sue  o r  wa t e r ,  p rovok ing  pa r t i a l  
t r a n s mi s s i o n  o f  t h e  w a v e  a n d  p a r t i a l  r e f l e c t i on  due  t o  t he  T  and  R  
c o e f f i c i e n t s .  
 T h i s  r e f l e c t i o n  i s  s e n t  ba c k  t o  t h e  t a r ge t  a n d  a g a i n  w i l l  h i t  t he  
r e f l e c t o r  o b j e c t  c a u s i n g  a  s e c o n d  p u l s e  e c h o  w i t h  d o u b l e  t h e  d i s t a n c e  o f  
t h e  f i r s t  o n e  a n d  w i t h  a  m u c h  l o w e r  a mp l i t u d e  s i g n a l .  T h i s  i s  c a l l e d  t he  
f i r s t  r e ve r b e ra t i on  e c h o  a n d  a g a in  w i l l  c a u s e  o t he r  r e ve rbe r a t i o n  
fo rwa rd  and  backwards  un t i l  t h ey  d i s a p p e a r  b e c a u s e  o f  t h e  me d i u m 
abso rp t i on .  Even  t hough  t he r e  i s  no t  a n  o b j e c t  a t  d o u b l e  o r  t h r e e  t i me s  
t h e  d i s t a n c e  o f  t h e  t a r g e t ,  o n e  e x p e r i e n c e s  t h o s e  f a l se  i ma g e s  w i t h  t h e  
r e f l e c t i o n  c o e f f i c i e n t s  a t  t h e  f r o n t  f a c e  o f  t h e  u l t r a s o u n d  t r a n s d u c e r .  
T h i s  c a n  b e  e a s i l y  dem o n s t r a t e d  w h e n  d o i n g  t h e  pu l s e  e c ho  
me a s u r e m e n t  w i t h  a  w a t e r  t a n k  e x p e r i me n t  a s  s h o w n  i n  f i g u r e  2 .   
 
 
Figure 1: reverberation artifacts 
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Figure 2: Water tank experiment and wave propagation 
8 . 2  TRADUCER DESIGN,  ELECTRICAL AND ACOUSTICAL 
PERSP E CTIVE S  
A  p i e z o - e l e c t r i c  ma t e r i a l  v i b r a t e s  w h e n  a n  e x c i t a t i on  s i g n a l  V g  f l ows  
o v e r  i t s  e l e c t r i c a l  e l e c t r o de s ,  s i nce  i t  i s  cons t ruc t ed  by  p l ac ing  two  
p l aques  t oge the r ,  i t  b eha ve s  a s  a  c a pa c i t o r  a nd  t h e r e f o r e  h a s  a  r e s o n a n t  
f r equency  f 0  a t  a  c h a r a c t e r i s t i c  i m p e d a n c e  Z 0 ,  t h i s  i mp e d a n c e  i s  
t y p i c a l l y  a r o u n d  3 4 M R a y l s  [ 1 ] .  T o  h a v e  a  h i g h e r  s i g n a l  mor e  p o w e r  
t r a n s mi s s i o n  i s  v i t a l  i n  b o t h  a c ou s t i ca l  an d  e l ec t r i c a l  me a n s .  T o  
e x e mp l i f y  t h i s ,  t h e  t i s s u e  h a s  a  c ha r ac t e r i s t i c  impeda nce  o f  1 . 6MRay l s  
a n d  t h i s  h i g h  co n t r a s t  w i l l  c a us e  muc h  mor e  r e f l e c t i o n  t h a n  
t r a n s mi s s i o n ,  a s  m e n t i o n e d  e a r l i e r .  Th e  s ame  happens  i n  t he  e l e c t r i c a l  
s i d e ;  t h e  t r a n s d uce r  a l s o  ha s  e l e c t r i c a l  i mp e d a n c e  Z i  a n d  e i t h e r  t h e  
sou rce  gene ra to r  o r  t he  r ece ive r  amp l i f i e r s  h a s  t h e i r  o w n  r e s i s t a nce  
v a l u e  t ha t  w i l l  c a us e  p o w e r  d i s s i p a t i on .   
8 .2 .1  ACOUSTICAL LAYERS  
T h e r e  a r e  t h r e e  ma i n  t y p e s  o f  a c o u s t i c a l  l a y e r s  i n  a n  u l t r a s o u n d  
t r a n s d u ce r :  t h e  ma t c h i n g  l a y e r ,  t he  p i ezo -e l ec t r i c  ma t e r i a l  and  t he  
b a c k i n g .  B o t h  t h e  b a c k i n g  a n d  ma t c h ing  l aye r  a r e  u sed  t o  sho r t en  t he  
p u l s e  w he n  t r a n smi t t i n g ,  b e c a u s e  t h e  l en g t h  o f  t h e  pu l s e  i s  i n v e r s e l y  
p ropo r t i ona l  t o  t he  bandwid th .  One  o r  t w o  ma t c h i n g  l a y e r s  a r e  t y p i c a l l y  
p r e f e r r e d  t o  me e t  t h e  ma x i ma l  p o w e r  t r a n s f e r  c r i t e r i o n ,  a n d  i n  s o me  
c a s e s  b a c k i n g  ma t e r i a l  i s  o n l y  a i r .  T h e  l e ng t h  o f  t h e  ma t c h i n g  l a y e r  
when  on ly  one  i s  u sed  i s  a  qua r t e r  o f  t he  wa v e l e ng t h  fo r  ma x i ma l  
t r an s f e r  ene rgy  and  r e sonance  f r equency  cons ide r a t i ons  a s  me n t ioned  i n  
[3 ] .  
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8 .2 .2  ELECTRI CAL MODEL AND EL ECTRICAL CONSIDERATIONS  
B e f o r e  d i s c u s s i n g  a b o u t  t h e  r e l e v a n c e  o f  t h e  e l e c t r i c a l  ne twork  de s ign  
f o r  b o t h  R x  a n d  T x  i s  i mp o r t a n t  t o  d i s c u s s  t ha t  w h e n  t h e  p i e z o - e l e c t r i c  
ma t e r i a l  a n d  t h e  n u mbe r  a s  w e l l  a s  t h e  t y p e  o f  ma t c h i n g  l a y e r  a n d  
b a c k i n g  i s  k n o w n ,  t h e  t r a n s d u c e r  c a n  b e  mo d e l e d  u s i n g  l u mpe d  
e l e me n t s  [ 1 ] .  L u mpe d  c i r c u i t s  h e l p  t o  u n d e r s t a n d  o f  h o w  t h i s  
me c h a n i c a l - ac o u s t i c a l  c o m p r e s s i o n  a n d  d e c om p r e s s i on  w i l l  c a u s e  a n  
e l e c t r i c a l  i mp e d a n c e  Z i  dependen t  on  f r equency .  T h i s  c a l c u l a t i o n  w i l l  
d e f i n i t e l y  i n f l u e n ce  t h e  s t r a t e g y  fo r  t h e  e l e c t r i c a l  n e t w o r k  t o  d e s i g n  n o t  
o n l y  fo r  ma t c h i n g  o r  t r a n smi t t i n g  m o r e  p o w e r  a s  i s  d i s c u s s e d  n o w ,  b u t  
a l s o  b ec au s e  t h i s  w i l l  i n f l u e n c e  t he  r e f l e c t i o n  o n  t h e  f r o n t  f a c e  o f  t h e  
t r a n s d u c e r  a s  i t  w i l l  b e  d i s c u s s e d  l a t e r . 	
8 .2 .2 .1  THE TRANSDUCER ELECTR ICAL CIRCUIT MODEL  
F i g u r e  3  [ 3 ] ,  c a n  b e  u s e d  t o  c o mp u t e  t h e  e l e c t r i c a l  i m p e d a n c e  i n  t h e  
e l e c t r i c a l  t e r mi n a t i o n  o f  a  g iven  t r ansduce r .  The re ,  Z m  i s  t h e  
me c h a n i c a l  i mp e d a n c e  a nd  b o t h  a  mechan i ca l  and  an  e l ec t r i c a l  
d e s c r i p t i o n  w i l l  b e  u s e d  t o  d e s c r i be  t h e  t r a ns d u c e r  e l e c t r o - me c h a n i c a l  
behav io r .   
 
 
Figure 3: Electrical Model of the Transducer 
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B o t h  c i r cu i t  a n a l ys i s  i n  fo rmu l a s  8  a n d  9  a r e  d e r i v e d .  A n d  t h e  s p e e d  o f  
sound  i s  exp re s sed  w i th  c .   
2
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( )cos ( )sin
2 cos ( )sin 2
L B L B
m
L B
Z Z Z i Z Z ZZ
Z i Z Z Z
 
 
                             Eq .  8  
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                       Eq .  9  
8 .2 .2 .2  MATCHING AND TUNING NETWO RKS 
A n y  p a s s i v e  o r  a c t i v e  c i r c u i t  e l e me n t  p l ac e d  o n  t h e  e l e c t r i ca l  p a t h  t o  
p u l s e r ,  i n c l u d i n g  t h e  c a b l e  e f f e c t ,  i n  t h e  t r a n s mi s s i o n  c a s e  o r  t o  t h e  
r e c e i v e r  a mp l i f i e r  w i l l  be  c o n s i d e red  a s  t h e  e l e c t r i c a l  n e t w o r k .  T h i s  i s  
u s e d  ma i n l y  f o r  t u n i n g  t h e  c a p a c i t i v e  e f f ec t  o f  t he  t r an sduce r  and  fo r  
ma t c h i n g  t h e  p o we r  t r a n s fe r  c r i t e r i on  b u t  l a t e r  i t  i s  a l s o  r e l a t ed  t o  t h e  
r e f l e c t i o n  o n  t h e  f r o n t  f a c e  o f  t h e  t r a n s d u c e r .   
T y p i c a l l y  t h e  c a b l e  mo d e l  i s  f i g u r e  4 ,  h o w e v e r  w h e n  t h e  i mp e d a n c e  o f  
t h e  t r a n s d u c e r  i s  b e l o w  1 0 0  o h ms  t h e  c a p a c i t o r  c a n  b e  s h o r t e d  d o i n g  a n  
R L  e f f e c t .  T h e  c a b l e  r e s i s t a n c e  i s  5 0  o h ms  w h e n  i s  n o r ma l  c o a x i a l  a n d  
t he  i nduc to r  va lue s  i n  250nH.  
 
 
A s  me n t i o n e d  i n  t h e  p u l s e  e cho  s ec t i on ,  t h i s  ne twork  w i l l  s t r ong ly  
i n f l u e n c e  t h e  p u l se  s h a p e  be c a u s e  i t  w i l l  b a s i c a l l y  f i l t e r e d  p r o vo k i n g  a  
c h a n g e  i n  ma g n i t u d e ,  p h a s e  a n d  p u l se  l eng th .  I f  and  on l y  i f  t h e  t o t a l  
t h e v e n i n g  Z T  o r  e qu i v a l e n t  i m p e d a n c e  o f  t h e  e l e c t r i c a l  ma t c h i n g - t u n i n g  
n e t w o r k  i s  k n o w n ,  t h e n  f o r m u l a  1 0  a n d  1 1  c o mp u t e d  h o w  t h e se  f i l t e r s  
b e h a v e  i n  t r a n s mi s s i o n  t x  a n d  r e c e p t i o n  r x  r e spe c t i ve l y .  
_
T i
e rx
T i
Z ZH
Z Z
                                    Eq .  10  
Figure 4: Cable Electrical Model 
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                                     Eq .  11  
8 .2 .2 .3  ADMITTANCE MATRIX  
I t  i s  a  r e p r e s e n t a t i o n  o f  t h e  t r a ns du c e r  a s  a  t w o  o r  mor e  p o r t s ,  t h e  
n u mbe r  d e p e n d  o n  h o w  ma n y  m a t c h i ng  l aye r s  and  p i ezo  e l ec t r i c  
ma t e r i a l  a r e  p l a ce .  T h i s  i s  a  mu l t i p o r t  mo d e l  t h a t  i s  u se d  t o  s i m u l a t e d  
t r a n s d u c e r s  p a r a me t e r s  a s  t h o s e  i n  t h e  f o r mu l a  1 2 .  
2
m tt
T
tt e i
y H VI
H y pU
                                              Eq .  12  
Y m a n d  Y e  a r e  t h e  me c h a n i c a l  a nd  e l ec t r i c a l  admi t t ance  wh ich  a r e  
i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  me c h a n i c a l  a n d  e l e c t r i c a l  i mp e d a n c e  o f  
t h e  t r a n sd u c e r .   
8 . 2 . 2 .4  FRONT FACE REFLECTI ON COEFFICIENTS  
Whe n  u s i n g  t h e  a d mi t t a n c e  ma t r i x ,  t h e  r e f l e c t i o n  on  t h e  t r an s d u c e r  
s u r f a c e  i s  c o mp u t e d  a s :  
1TXD L TXDR Z U                                   Eq .  13  
T h e  p a r t i c l e  v e l oc i t y  U T X D  w i l l  v a r y  w i t h  t w o  c a s e s ,  c au s i n g  c h an g e s  i n  
t h e  r e f l ec t i o n  a l s o :  
C a s e  1 :  W h e n  t h e  t r a n s d u c e r  i s  s h o r t  c i r c u i t ,  t h i s  i s  t he  v o l t a g e  V  i n  t h e  
ma t r i x  i s  z e r o .   
2TXD mU y                                     Eq .  14  
C a s e  2 :  Whe n  t h e  t r a n s d u ce r  i s  o p en  c i r c u i t ,  t h i s  i s  t h e  p r e s s u r e  P  i n  
t h e  ma t r i x  i s  z e r o .   
2
2 ttTXD m
e
HU y
y
    
                               Eq .  15  
               A M P L I F I E R  F O R  O P T I M A L  R E F L E C T I O N  C O E F F I C I E N T  O F  U L T R A S O U N D  T R A N S D U C E R  
18                                                    [By J. Francisco Mainou G.]; January 2012 
 
8 .2 .2 .4 .1  RELEVANCE OF THE ELECTRICAL LOAD  
U s i n g  F o r mu l a  1 3 ,  t h e  e l e c t r i c a l  A dmi t t a n c e  l o a d  i n  r e c e p t i o n  Y T r x  w i l l  
a f f e c t  t he  p a r t i c l e  v e l o c i t y  a n d  t hu s  w i l l  i n f l u e n c e  t h e  t r an s d u c e r  
r e f l e c t i o n  c o e f f i c i e n t s  a t  t h e  f r o n t  f a c e .  
2
2 ttTXD m
e Trx
HU y
y y
    
                                    Eq .  16  
 
8 .3  A  MATHEM ATICAL APPROACH FOR NULL FRONT FACE 
REFLECTION 
F r o m t h e  ma x i ma l  p o w e r  c o n s i d e r a t i o n ,  i f  t h e  t r a n s d u c e r  i s  n o r ma l  t o  
t h e  t a r g e t ,  a  f o r mu l a t i o n  c a n  b e  d e r i v e d  f o r  i d e a l  i mp e d a n c e  Z 0  t o  b e  
t h e  t o t a l  o r  t he  t h e v e n i n g  i mp e d a n c e  Z T  i n  t h e  r e ce i v e d  n e t w o r k .  
H o w e v e r ,  t h i s  a p pr o a c h  i s  n o t  v a l i d  i f  t h e  t r a n s d u c e r  f r o n t  f a c e  h a s  a n  
a n g l e  w h i c h  i s  n o t  n o r ma l  i . e .  9 0  d e g r e e s  i n  s i n g l e  e l e me n t s  a n d  i f  
t h e r e  a r e  m o r e  t h a n  o n e  ma t c h i n g  l ay e r .  F o r mu l a  1 7  i s  fo u n d  i n  [ 1 ] .  
0
s
i
o
RZ Z
R
                                     Eq. 17 
R s  a n d  R o  a r e  t he  r e f l e c t i o n  c o e f f i c i e n t s  i n  sho r t  and  open  c i r cu i t .  
               A M P L I F I E R  F O R  O P T I M A L  R E F L E C T I O N  C O E F F I C I E N T  O F  U L T R A S O U N D  T R A N S D U C E R  
19                                                    [By J. Francisco Mainou G.]; January 2012 
 
8 .4  FREQUENCY RESPO NSE O F  N E T W O RK  F U N C T I O N S  
Frequency  r e sponse  i s  t he  s t e ady  s t a t e  r e sponse  o f  a  sy s t em to  a  
s i n o i d a l  i n p u t  [ 4 ] .  T h i s  a p p r o a c h  a l l ows  ea sy  compu ta t i ons  o f  how 
n e t w o r k  f u n c t i o n  t h a t  c a n  b e  a  t r a n s f e r  f u n c t i o n ,  i mp e d a n c e /  a dmi t t a n c e  
f u n c t i o n s  o r  a n y  o t h e r  t y p e ,  b e h a v e  o n  t h e  f r e q u e n c y  d o ma i n .  I n  s o me  
ne twork  func t i ons ,  t he r e  a r e  huge  and  w e l l  d e f i n e d  m a t h e ma t i c a l  t o o l s  
f o r  p r e d i c t i o n  o r  c o n t r o l l i n g  t h e i r  r e s p o n s e  a s  w i t h  t h e  t r a n s f e r  fu n c t i o n  
i . e .  t h e  r a t i o  b e t we e n  t h e  o u t p u t s  o f  t h e  s y s t e m a n d  i t s  i n p u t .  B u t  w i t h  
i mp e d a n c e  s y n t h e s i s ,  t h e r e  i s  s t i l l  a  l o t  o f  e f f o r t  f o r  b e t t e r  
ma t h e ma t i c a l  t o o l s .  	
8 .4 .1  GRAPHICAL REPRESENTATI ON  
Any  ne twork  func t i on  f r equency  ana ly s i s  i s  mos t l y  done  u s ing  bode  and  
N y q u i s t  g r a p h s .  N e t w o r k  f u n c t i o n s  a r e  exp re s sed  by  two  po lynomia l  
exp re s s ions ,  one  a s  numera to r  and  o t he r  a s  denomi na to r .  The  deg ree  o f  
t h e  n u me r a t o r  v a r i e s  f o r  e v e r y  n e t w o r k  f u n c t i o n .  F o r mu l a  1 8  i s  t h e  
gene ra l  ne twork  func t i on  fo rm.  Wh en  f ac to r i z i ng ,  t he  n u mb e r  o f  r o o t  
t ha t  t he  po lynomi a l  exp re s s ion  con t a i n s  i s  f ound  and  we  ca l l  t he  r oo t s  
a t  t h e  n u me r a t o r  Z e r o s  a n d  t h o s e  a t  t he  denomina to r  we  ca l l  Po l e s .  	
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8 .4 .1 .1  NYQUIST DIAGRAM  
T h e  N y q u i s t  d i a g r a m i s  b a s i c a l l y  t h e  p lo t  o f  t he  r ea l  pa r t  o f  a  g iven  
f u n c t i o n .  A n  e x a mp l e  o f  t h i s  i s  e qu a t i o n  1 8  v e r s u s  t h e  i ma g i na r y  p a r t  
o f  t h e  s a me  o n e .  U s u a l l y  t h e  i mp o r t a n t  i n f o r ma t i o n  o f  t h i s  ma t h e ma t i c a l  
p l o t  i s  t o  n o t e  i n  w h i c h  s i d e  o f  t he  N y q u i s t  p l a n e  a  t r a n s f e r  f u n c t i o n  i s  
l o c a t e d  be c a u s e  i t  d e t e r mi n a t e s  ma n y  c r u c i a l  f a c t o r s  s u c h  a s  s t a b i l i t y  
a n d  r e l i a b i l i t y .  I n  A p p e n d i x  A  i s  a  c h a r t  t h a t  c o n t a i n s  s o me  e x a m p l e s  o f  
b a s i c  n e t w o r k  f u n c t i o n s  a n d  i t s  p l o t  i n  N y q u i s t  d o ma i n .    
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8 .4 .1 .2  BODE DI AGRAM  
Any  t r ans f e r  f unc t i on  ha s  i n fo rma t ion ,  phase  and  ma gn i tude  a s  
de sc r i bed  i n  equa t i ons  19  and  20  r e spec t i ve ly .  	
   2 2| ( ) | [Re ( ) ] [Im ( ) ]H p H p H p                                         Eq. 19 
 
 1
Im ( )
( )
Re ( )
H p
H p tg
H p
                                        Eq. 20 
Thus  fo rmu la s  a r e  t he  ba s i s  f o r  b o d e  p l o t s  w h i c h  a r e  t w o  s u b  p l o t s :  
1. M a g n i t u d e  i n  d e c i b e l s  v s .  f r e q u e n c y  
2. P h a s e  i n  d e g r e e s  v s .  f r e q u e n c y  
T h e  ma i n  a d v a n t a g e  o f  u s i n g  b od e  p l o t  i s  t h a t  m u l t i p l i ca t i o n  o f  
ma g n i t u d e s  c a n  b e  c o n v e r t e d  i n t o  a dd i t i o n  a nd  t h e  s k e t c h i n g  f o l l o w s  a  
b e h a v i o r  s u c h  a s  t h e  o n e  i n  f i g u r e  5 .  F o r  e ve r y  s i n g l e  po l e  o r  z e ro  t he i r  
ma g n i t u d e  a n d  p h a s e  a r e :    
 
FIGURE 5: BODE PLOT FOR POLE AND ZEROS 
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8 .4 .2  TRANSFER FUNCTI ON OR IMPEDANCE FUNCTION  
A  s i mp l e  a n d  v e r y  e s s e n t i a l  p r o p e r t y  o f  
a n y  n e t wo r k  f u n c t i o n  i s  t h a t  b y  p l o t t i n g  a  
P o l e  a n d  Z e r o  d i a g r a m,  p o l e s  a n d  z e r o s  
a r e  s y m m e t r i c  w i t h  r e g a r d  t o  t h e  r e a l  a x i s  
o f  t h e  c o mpl e x  p l a n e  be ca u s e  t h e y  a r e  
c o mp l e x  c o n j u g a t e d  p a i r s  o r  r e a l .  O the r  
t h a n  t h a t  t h e  n e t w o r k  f u n c t i o n  c a n n o t  b e  
r e a l i z a b l e  w i t h  p a s s i v e  e l e me n t s .  
I n  o r d e r  t o  i d e n t i fy  w h e t h e r  t h i s  i s  r e a l i z a b l e  i mp e d a n c e  o r  a d mi t t a n c e  
f u n c t i o n  w e  mus t  t a k e  i n t o  a c c o u n t  t h e  fo l l ow i n g :  i f  t h e  ma x i m u m o r  
mi n i mu m  e x p o n e n t i a l  o f  t h e  d e n o mi na t o r  a n d  n u me r a t o r  d i f f e r  i n  mor e  
t h a n  o n e  e x p o n e n t i a l  d e g re e ,  t h i s  w i l l  be  a  t r ans f e r  f unc t i on  and  no t  
i mp e d a n c e  o r  a d mi t t a n c e  fu n c t i o n .  I t  cou ld  be  a l so  s a id  t o  be  Ac t i ve  
i mp e d a n c e  [ 5 ] .  
I mp e d a n c e  o r  a d mi t t a n ce  fu n c t i o n s  me e t  a l l  t h e  c r i t e r i a  o f  t h e  t r a n s fe r  
f u n c t i o n  b u t  t h e y  a r e  d i v id e d  i n  s o me  s p e c i a l  c l a s s  o r  t ype  t o  know i f  
t hey  can  be  ach i eved  o r  no t .  
8 .5  ACTI VE FILTER DESI GN  
T h e  ma i n  a d v a n t a g e  o f  w o r k i n g  w i t h  a c t i ve  f i l t e r s  i s  t ha t  i n  t h i s  w a y  w e  
avo id  t he  nece s s i t y  o f  hav ing  induc to r s .  I nduc to r s  t end  t o  be  
p r o b l e ma t i c  e l e me n t s  n o t  j u s t  b e c a u s e  o f  t he i r  phys i ca l  s i z e ,  bu t  a l so  
b e c a u s e  t h e y  a l wa y s  h a v e  r e s i s t i ve  n o t a b l e  e f f e c t s  a n d  a t  h i g h  
f r e q u e n c y  t h e y  a l s o  h a v e  c a p a c i t i v e  e f f e c t ,  b e c a u s e  t he  s p i n s  ma y  b e  t o  
c l o s e .  U s i n g  O p e r a t i o n a l  Amp l i f i e r s  o r  OPAMS the  need  fo r  i nduc to r s  
i s  avo ided .   
T h e  o p e ra t i o n a l  amp l i f i e r  “ O P A M ”  i s  a  con t ro l l ed  vo l t age  sou rce  and  
i d e a l l y  t h e y  h a v e  s o me  i mp o r t a n t  p r o p e r t i e s :  
  CMRR     
  I n p u t  r e s i s t a n c e      
Figure 6: Pole and Zeros Plot 
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  O u t p u t  r e s i s t a nc e    nu l l  
  V o l t a g e  G a i n      
  B a n d w i d t h      
8 .5 .1  FILTER TYPE  
T h e  f i l t e r  t y p e  i s  a  c l a s s i f i c a t i o n  b a se d  o n  t h e  f r e q u e n c y  r e s p o n se  o f  a  
g iven  f i l e r  t r an s f e r  f unc t i on .  The re  a r e  5  t ypes :  l ow  pas s  LP ,  h igh  pa s s  
H P ,  b a n d  p a s s  B P ,  s t o p  b a n d  S B ,  a n d  n o t c h  f i l t e r .  U s i n g  O P A M S  
s t r u c t u r e s  L P  a n d  H P  f i l t e r  b a s i c a l l y  c a n  fo r m  a l l  t h e  o t h e r  t yp e s .   B y  
O P A M S  s t r u c t u r e s  w e  me a n  t h e  c o n f i g u r a t i o n ,  f o r  e x a m p l e  d i f f e r e n t i a l ,  
i n t e g r a l ,  s u m,  e t c .  s e e  [ 6 ,  7 ]  
T h e  f i l t e r  o r d e r  ma i n l y  d e t e r mi n e s  t h e  s l o pe  o f  i t s  c u t  o f f  l i mi t s  a n d  
how f a s t  t hey  decay  o r  r a i s e .  Fo r  eve ry  OPAM used  we  cou ld  have  a  
ma x i mu m  o r d e r  o f  2 ,  i f  w e  w a n t  t o  i mp l e me n t  a  f i l t e r  o r d e r  5  o r  6  w e  
need  3  OPAMs .  
8 .5 .2  RAUCH FILTER  
T h e  R a u c h  s t r u c t u r e  i n  f i g u r e  7 ,  t he  t r an s f e r  f unc t i on  i f  f ound  a s  
f o r mu l a  2 1 .  
D e p e n d i n g  o n  t h e  i mp e d a n c e  t y p e  o f  t he  f i l t e r ,  i t  c a n  b e  a  L P ,  H P  o r  
a n y  o t h e r  t y p e .   
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Figure 7: Rauch Filter 
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T o  c o mp u t e  a  L P  o r  H P  f i l t e r ,  f o r mu l a s  2 2  a n d  2 3  a r e  u s e d .  Q  
d e t e r mi n e s  t h e  d am p i n g  i n  t h e  l i mi t  o r  c u t  o f f  s l o p e ,  t h e  b i g g es t  Q  t he  
h i g h e s t  t h e  ma g n i t u d e  o f  t h e  r i p p l e  i n  t he  s l ope .  F igu re s  8  and  9  a r e  t he  
t y p i c a l  f r e q u e n c y  r e s p o n s e  o f  h i g h  a n d  l o w  p a s s  f i l t e r .     
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Figure 8: Low Pass Filter Frequency Response 
Figure 9 : Low Pass Filter Frequency Response 
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8 .6  IMPEDANCE SYNTHESIS   
Caue r ,  Fos t e r ,  B rune ,  Bo t t -Duffin ,  Da r l i ng ton  deve loped  power fu l  and  
gene ra l  ap p roa c h es  fo r  Impedance  o r  admi t t ance  syn t hes i s  o f  ne tworks ,  
and  t hey  a r e  s t i l l  u sed  t o  c l a s s i fy  Impedance  r e l i ab i l i t y  cond i t i on  fo r  
s i mp l e  n e t wo r k s .  B u t  i n t e r e s t  i n  t he  t op i c  l o s t  mo men tum due  t o  t he  
g rowing  impor t ance  o f  i n t eg ra t ed  c i r cu i t s  [ 5 , 8 ] .  Ac t i ve  impedance  t hen  
ha s  a l so  t aken  adva n t age  o f  t he  ch ip  s i z e  r educ t i on  and  t he  adva n t age  
fo r  subs t i t u t i ng  t he  i nduc to r s .  
8 .6 .1  IMPEDANCE TYPE  
The  Impedance  me thods  fo r  syn thes i s  a r e  s t r ong ly  dependen t  o f  t he  
c l a s s i f i c a t i on  o f  t he  impedance  t ype .  The re  a r e  f ou r  t ypes :  r e s i s t i ve -
capac i t i ve  RC,  r e s i s t i ve - Induc t i ve  RL ,  Induc t i ve - capac i t i ve  LC  and  t he  
combina t i on  o f  a l l  o f  t hem RCL.   
RC  i mpe dance  w i l l  have  r e s i s t i ve  and  capac i t i ve  behav io r  so  t ha t  t he  
nume ra to r  w i l l  neve r  exceed  t he  de nomina to r  i n  t e rms  o f  exponen t i a l  
deg ree  o r  i n  t he  ca se  o f  hav ing  t he  s ame  deg ree  t he r e  mus t  be  a  z e ro  
w i th  nu l l  r oo t  and  t he  sma l l e s t  bode  f r equency  w i l l  co r r e spond  t o  a  
po l e .   I n  con t rove r sy ,  RL  impedance  w i l l  f o l l ow  an  i nduc t i ve  be hav io r  
w i t h  h i g he r  d e gr e e  i n  t h e  nu me r a t o r  a n d  t h e  sma l l e s t  f r e q u e n c y  wi l l  be  
a  z e ro  i n  bode  p lo t .   
 LC  i mpedance  does  no t  have  a  r e s i s t i ve  behav io r .  The re fo re ,  t he  
ma x i mu m and  mi n imum deg ree  t e rms  i n  numera to r  and  denomina t o r  w i l l  
be  ob l i ga to r i l y  d i f f e r en t  i n  no  mor e  t h a n  o n e ,  a n d  t h e  t r a n s i t o r y  
behav io r  i s  cons t an t l y  p r e sen t  i n  t he  f r equency  ax i s  because  t he r e  i s  no  
r e s i s t i ve  d i s s i pa t i on .   On  t he  o the r  hand ,  LRC wi l l  ha ve  some  l a rge  
non - t r ans i t o ry  r e sponse  because  o f  t he  r e s i s t o r ,  and  nume ra to r  deg ree  
t e rms  can  be  t he  s ame  a s  t he  denomina to r .   
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8 .6 .2  PASSIVE I M PEDANCE  
For  RC,  RL  and  LC ne tworks  syn thes i s  f o s t e r  appr oach  and  Caue r s  
me thod  a r e  qu i t e  f r i end ly ,  bu t  f o r  RLC c i r cu i t ,  t he r e  i s  s t i l l  a  l o t  t o  
i nves t i ga t e .   
“To  i den t i f y  wha t eve r  impedance  i s  pa s s ive ;  t he  ma x i mum o r  mi n imu m 
exponen t i a l  o f  t he  denomina t o r  and  nu me ra to r  d i f f e r  i n  more  t han  one ;  
o the r  t han  t ha t  i t  i s  Ac t i ve  impedance” .  
8 .6 .2 .1  FOSTER AND CAUERIER APPROACHES  
In  t h i s  s ec t i on ,  t he  syn the s i s  o f  RL  c i r cu i t s  w i l l  on ly  be  t r ea t ed .  RC  o r  
RL ,  howeve r , ,  a r e  t r e a t ed  i n  t he  s a me  way  by  r ep l ac ing  t he  i nduc to r  
w i t h  c a p ac i t o r s ,  o r  b y  r e p l ac i n g  t h e  r e s i s t o r  w i t h  c a p ac i t o r s  t o  an d  f r o m 
an  LC  c i r cu i t .   
  
Figure 10: Passive Foster and Cauer Circuits 
Given  t he  s e r i e s  RL  fo s t e r ’ s  c i r cu i t  o f  f i gu re  10a ,  t he  me thod  cons i s t s  
o f  t he  u se  o f  pa r t i a l  f r a c t i on  expans ion  o r  decompos i t i on .  Any  func t i on  
can  be  exp re s sed  a s  fo r mu la  24  
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                                      Eq. 24 
The  more  po l e s  and  ze ro s ,  t he  more  RL  se r i e s  s t age  a r e  added  t o  f i gu re  
10a ,  t he  componen t  va lue s  fo r  r e s i s t o r  and  co i l s  a r e :  
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k
k k k
k
AR A L a                                        Eq. 25 
To  g ive  an  example  l e t ’ s  cons ide r  t he  t r ans fe r  f unc t i on  i n  fo rmu la  26  
and  by  u s ing  t he  f r ac t i on ,  e xpans ion  27  i s  f ound .     
2
2
31 30 ( 1)( 30)( )
110 1000 ( 10)( 100)
p p p pZ p
p p p p
                                           Eq. 26 
0 1 2( )
10 100
A A AZ p
p p p
                                        Eq. 27 
Where  A0=0 .03  A1=0 .2  A2=0 .77 .  
To  conve r t  t h i s  f o s t e r  RL  c i r cu i t  i n to  a  pa r a l l e l  a s  i n  f i gu re  10c ,  eq .24  
i s  conve r t ed  a s  i n  28  fo r  admi t t ance .  Th i s  i s  a  conven i en t  c i r cu i t  i f  we  
need  t he  i nduc to r  t o  be  g rounded .  Fo r  example ,  when  gy ra to r s  a r e  
n e e d e d  t o  s i mu l a t e  c o i l s .   
( ) k
k
k
BY p
p b
                                      Eq. 28 
 
1k
k k
k k
bR LB b                                        Eq. 29 
The  Caue r ’ s  me thod  cons i s t s  i n  t he  admi t t ance  o r  impedance  
decompos i t i on  a s  eq .  30  and  by  u s ing  Euc l ide s  a lgo r i t hm;  we  c a l c u l a t e  
t he  comp onen t s  o f  f i gu re  10b .  
1
2
3
4
5
1( ) 1
1
1
1
Z p
Z
Z
Z
Z
Z





                                     Eq. 30 
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8 .6 .2 .2  RLC METHOD 
A recompi l a t i on  o f  t heo ry  fo r  conve r t i ng  a  b roadband  impedance  
ma tch ing  p rob l em in to  a  pure ly  f i l t e r  de s i gn  h i t ch  i s  f ound  in  [9 ] .  F rom 
i t ,  Da r l i ng ton ’ s  t heo rem app l i ed  by  Fano ,  “Any  r ea l i zab l e  impedance  
func t i on  i s  d i s composed  i n to  a  pu re ly  r eac t i ve  l o s s l e s s  ne twork  
t e rmina t ed  i n to  a  1  r e s i s t o r  by  i nc lud ing  a  t r ans fo rmer  i n to  t he  
r eac t i ve  l o s s l e s s  ne twork” .    Th i s  s t a t e s  t ha t  t he  l oad  t o  ma tch  i n  a  
t yp i ca l  ma tch ing  p rob l em a s  i n  f i gu re  11 .A ,  can  be  conve r t ed  a s  i n  
11 .B .  and  s ince  t he  sou rce  r e s i s t ance  can  be  a l so  r ep l aced  by  a  1  
r e s i s t o r ,  t he  d i ag ram changed  to  f i gu re  11 .C  t ak ing  t he  p rob l em o f  t he  
ma tch ing  ne twork  i n to  a  f i l t e r  de s ign .  
 
 
Figure 11: Filter Design towards Impedance Matching Principle 
Thi s  was  a t  a  c e r t a in  po in t  a  pa r t i a l  f i l t e r  des ign  cons ide ra t i on  fo r  t he  
ma tch ing  ne twork  b lock ,  bu t  t he  pa s s ive  l o s s l e s s  ne twork  i s  g iven  by  
t he  Da r l i ng ton ’ s  t heo rem.  Th i s  app roach  i s  qu i t e  ve r sa t i l e  a f t e r  
op t imiza t i on .  Bu t  i t  s t i l l  r equ i r e s  be t t e r  app rox ima t ion  when  more  
deg rees  a r e  p r e sen t ed  i n  t he  po lynomia l  exp re s s ion  o f  t he  impedance  t o  
ob t a in .  I t  i s  a l so  impor t an t  t o  h igh l i gh t  t he  need  o f  a  t r ans fo r mer .  
Fu r the r  i n  t he  me n t ioned  l i t e r a tu r e  sou rce ,  some  peop le  imp le men t  RLC 
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l umped  c i r cu i t s  u s ing  equa l i ze r s ,  i n s t ead  o f  on ly  u s ing  Reac t ive  
e l emen t s .  
To  back  i t  up  [8 ]  i n t roduce  some  LR C ne tworks  wh ich  a r e  t r ans fo r mer  
l e s s  t o  r ea l i ze  non  r egu la r  bu t  pos i t i ve  and  r ea l  b iquad ra t i c  func t ions  
by  canon ica l  means  a s  equa t ion  31 .  
2
2
2
12
, , 0
S U W S WZn VS S
WW
W V U
 
 

                                    Eq. 31 
Th i s  i s  ba sed  on  t he  i dea  t ha t  any  pos i t i ve  r ea l  f unc t ion  cou ld  be  
r ea l i z ed  a s  t he  d r iv ing  po in t  impedance  o f  a  ne twork  cons i s t i ng  o f  
r e s i s t o r s ,  c apac i t o r s  and  i nduc to r s  on ly  ( r e fe r r ing  the  work  done  by  
Bo t t  and  Duf f in ) .  The  concep t  o f  r egu l a r  pos i t i ve  r ea l  func t i on  i s  a  
c l a s s  t r ans fo r mer  l e s s  ne twork  con t a in ing  on ly  r eac t i ve  e l emen t s .    
One  o f  t he  c i r cu i t s  p r e sen t ed  i n  t he  men t ioned  a r t i c l e  wi l l  be  used  he re ,  
because  i t  t ends  t o  be  more  i nduc t ive  t han  capac i t i ve ,  wh ich  i s  con t r a ry  
t o  t he  e l ec t r i ca l  impedance  Z i  o f  t he  t r ansduce r  a s  s t ud i ed  be fo re .  
F igu re  12 ,  shows  the  c i r cu i t  and  equa t ion  32  g ives  i t  f r equency  
r e sponse .   
 
 
 
 
 
2
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SL R S L R C SL RZn
S L C L R R L L R C S L R C R S R
                Eq. 32 
Figure 12: RLC approach 
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8 .6 .3  ACTIVE IMPEDANCE 	
Act ive  impedance  has  po lynomi a l  f unc t ions  t ha t  have  roo t s  i n  t he  r i gh t  
s i de  o f  t he  Nyqu i s t  p lo t  and  they  a r e  on ly  ob t a ined  by  us ing  con t ro l l ed  
vo l t age  sou rces  t ha t  may  be  s een  a s  power  i n j ec t i on  t o  r ea l i ze  co mplex  
func t ions .  The  ope ra t i ona l  amp l i f i e r  “OPAM” i s  a  con t ro l l ed  vo l t age  
sou rce  example  and ,  t he re fo re ,  d i f f e r en t  app roaches  t o  ac t i ve  
impedance  syn thes i s  a r e  ba sed  on  i t  l i ke  gy ra to r s  and  the  gene ra l  
f o r mu la t i on  o f  nega t i ve  impedance  a s  w i l l  be  seen  soon .   
8 . 6 . 3 . 1  G Y R A T O R S  
An ac t i ve  c i r cu i t  c a l l ed  gy ra to r  i s  an  OPAM based  mode l  fo r  emu la t i ng  
i nduc t ive  c i r cu i t s  by  on ly  u s ing  capac i to r s  and  r e s i s to r s ;  howeve r ,  
much  cons ide ra t i on  shou ld  be  t ake n  when  des ign ing  a  gy ra to r .  Fo r  
example ,  t he  OPAM in t eg ra t ed  c i r cu i t s  a r e  no t  i dea l  i n  p r ac t i ce .  
The re fo re ,  t hey  a re  bandwid th  l imi ted ,  one  mus t  ca r e fu l l y  choose  t he  
i n t eg r a t ed  c i r cu i t  a cco rd ing  t o  t he  spec i f i c  t a sk .  The  Br u ton  gy ra to r  [5 ]  
i s  w ide ly  u sed  fo r  emula t i on  o f  i nduc to r s  and  o the r  non -conven t iona l  
impedance ,  because  t he  sub- impedances  p l aced  i n  i t s  e l ec t r i c a l  d i ag ram 
in t e r ac t  a s  f i l t e r  de s ign  fo rm when  compu t ing  i t s  t o t a l  impedance  g iven  
i n  equa t ion  33 .   
 
Figure 13: Bruton Gyrator 
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8 .6 .3 .2ACTIVE I M PEDANCE GENERAL FORM 
 
               Figure 14: Active Impedance Principle 
I f  and  on ly  i f  H(p )  i s  a  con t ro l l ed  vo l t age  sou rce ,  t he  i npu t  cu r r en t  o f  
f i gu re  14  i s :  
( ) ( ) ( )( )
( )
in in
in
a
V V H pI
Z
  
                            Eq. 34 
Because  t he  i npu t  impedance  Z in  i s  t he  r a t i o  be tween  t he  i npu t  vo l t age  
V in  and  the  i npu t  cu r r en t  i n :  
( )( )
1 ( )
a
in
ZZ
H p
                             Eq. 35 
I t  a l so  a l l ows  u s  t o  conve r t  t he  impedance  ma tch ing  des ign  p rob l em 
in to  a  pure ly  a  f i l t e r  de s ign  i f  Za  (w)  i s  known:  
( ) ( )( )
( )
in a
in
Z ZH p
Z
 

                           Eq. 36 
Th i s  imp l i e s  t ha t  a  f i l t e r  w i th  a  f r equency  r e sponse  Hp(w)  w i l l  emu la t e  
an  impedance   Z in ( w)  when  connec t ed  i n  pa r a l l e l  t o  an  impedance  Z (a )  
wh ich  can  be  chosen  s t r a t eg i ca l l y  fo r  conven ience .   
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8 . 7  P A R T I C L E  S W A R M  O P T I M I ZA T I O N  
In  t h i s  s ec t i on  Pa r t i c l e s  Swar m Op t imi za t ion  a lgo r i t hm PSO i s  
i n t roduced  fo r  ad ju s t i ng  t he  va lues  o f  e l ec t r i c a l  c i r cu i t  pa r ame te r s  
w i th in  impedance  spec t ro scopy .  Fu r the r  i n  t h i s  Mas t e r  t he s i s ,  a  
compu te r  ba sed  t r ansduce r  s imu la t i on  t o  ach i eve  an  i dea l  impedance ,  i n  
o rde r  t o  have  non- r e f l ec t i on  coe f f i c i en t s  i n  t he  t r ansduce r  su r f ace ,  i s  
p roposed  fo r  t ha t  spec i f i c  mode l .  S i nce  t he re  i s  no t  a  ma thema t i ca l  
f o r mu la t i on  o f  t he  mode l  because  t he  g iven  i dea l  impedance  comes  f rom 
the  admi t t ance  ma t r i x  p r ev ious ly  i n t roduced ,  some  e l ec t r i c a l  c i r cu i t s  
w i l l  i n t end  t o  f i t  t he  g iven  r e sponse  by  Op t imi za t i on  means .   
8 .7 .1  ADVANTAGE AND USE JUSTIFICATI ON 
The  Op t imi za t i on  t a sk  fo r  ou r  s t udy  i s  a  non- l i nea r  sys t em p rob l em fo r  
f i t t i ng  cu rves ,  because  g iven  a  mode l  we  fo r ce  t o  ou r  c i r cu i t  t o  behave  
a s  t he  mode l .  The  Levenbe rg -Marqua r d t  A lgo r i t hm i s  one  o f  t he  mos t  
impor t an t  op t imiza t i on  codes  fo r  f i t t i ng  mode l s  wh ich  l oca l i ze  t he  be s t  
l oca l  mi n imu m o f  a  mu l t i va r i ab l e  func t i on ;  howeve r ,  when  t he  r ange  o f  
i nd iv idua l  pa r ame te r s  i s  l a rge ,  t h i s  a l gor i t hm lo se s  s t e ad fa s tne s s  
because  i t s  be s t  so lu t i on  ma y  be  t he  bes t  l oca l  so lu t i on ,  bu t  no t  t he  be s t  
g loba l  so lu t i on .  Pa r t i c l e  Swarm Op t imiza t i on  on  t he  o the r  hand  i s  a  
gene t i c  eva lua t i ve  a lgo r i t hm tha t  f i nds  t he  be s t  op t ima l  g loba l  so lu t i on  
because  i t  u se s  mu ta t i on  and  r ecombina t i on  o f  t he  d i f f e r en t  pa r ame te r  
va lue s .  PSO i s  mu ch  mush  l e s s  compu te r  t ime  consuming  [10 ]  and  does  
no t  need  t he  u se r  t o  r e s t r i ng  t he  space  r ange  a t  a l l  a s  l ong  a s  t he  
number  o f  i t e r a t i ons  i s  h igh  enough .  
8 .7 .2  PSO ALGORITHM  
The  PSO a lgo r i t hm and  a  ma t l ab  example  can  be  found  in  [11 ] :  
1
1 2( ) ( )
n n n n n n n n
id id id id gd idcr p x cr p x              Eq .  37  
1 1n n n
id id idx x          Eq .  38  
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Suppose  t ha t  t he  s ea rch  space  i s  deno ted  by  D ,  and  a  g iven  pa r t i c l e  i - t h  
o f  t he  swarm i s  de no ted  a s  X i= (x i1 .x i2…xiD)T .  The  ve loc i ty  o r  change  
r a t e  i s  V i = (v i1 ,v i 2 ,…viD)T  fo r  t he  i - t h  pa r t i c l e .  S ince  i t  works  by  
mu ta t i on  and  combina t i on ,  t he  be s t  p r ev ious  pos i t i on  o r  so lu t i on  i s  
g iven  by  P i= (p i1 ,p i2 ,…piD)T .  D  and  d  a r e  i n t ege r  and  r ea l  number s  
1 ,2…unt i l  N  wh ich  i s  t he  s i ze  o f  t he  Swarm.  C  i s  a  pos i t i ve  cons t an t  
a s soc i a t ed  w i th  t he  acce l e r a t i on  and  r1  and  r2  a r e  r andom number s  
be tween  0  and  1 ,  f i na l l y  n  de t e rmina t e s  t he  i n t e r ac t i on  number .   
To  i mprove  t he  op t imiza t i on  o f  t he  be s t  so lu t i on  i n  t he  who le  space  and  
a l so  t o  f ind  t he  be s t  l oca l  mi n imu m the  neces s i t y  o f  3  new pa rame te r  i n  
t he  above  a lgo r i t hm more  i n t e l l i gence  was  e s sen t i a l  and  t hus  t he  f i na l  
a lgo r i t hm i s :  
1
1 1 2 2( ( ) ( ))
n n n n n n n n
id id id id gd idw c r p x c r p x               Eq .  39  
1 1n n n
id id idx x          Eq .  40  
Where  w  i s  c a l l ed  i ne r t i a  we igh t ,  C1  and  C2  cogn i t i ve  and  soc i a l  
pos i t i ve  pa r ame te r s  r e spec t i ve l y  and  χ  i s  a  con t r i t i on  f ac to r .  [ 11 ]  
Recomme nds  C1=C2=0 .5  wh i l e  r1  and  r2  =  (0 ,1 )   
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9)	AIM,	GOAL	AND	HYPOTHESIS	
 
9 .1  THE AIM:  
 
The  ob j ec t i ve  o f  t h i s  mas t e r  t he s i s  i s  t he  r educ t ion  o f  t he  u l t r a sound  
t r ansduce r  f ron t  f ace  r e f l ec t i on  coe f f i c i en t s  by  e l ec t r i ca l  and /o r  
e l ec t ron i c s  i n t e r ac t i on  p r io r i t i z i ng  t he  pu l s e  echo  cons ide ra t i ons  
men t ioned  i n  t he  r ev i ew l i t e r a tu r e  s ec t i on .   
9 .2  THE GOAL:  
 
The  goa l  i s  t o  u se  ac t i ve  e l ec t ron i c s  fo r  emu la t i ng  e l ec t r i c a l  impe dance  
and  r educe  t he  r e f l ec t i on  coe f f i c i en t s .  More  spec i f i c a l l y ,  t he  goa l  i s  t o  
i n t roduce  some  OPAMS c i r cu i t s  fo r  a c t i ve  impedance  syn thes i s  and  
demons t r a t e  t he i r  e f f ec t  on  s imu la t ion  and  Lab  work  expe r imen t s .  I n  
t h i s  way ,  phys i ca l  d imens ion  p rob l ems  f rom i nduc to r s  a r e  a l so  avo ided .   
9 . 3  H Y P O T H E S I S :  
 
1 .  -  A  Co mpu te r  ba sed  t r ansduce r  s imu la t i on  wi l l  behave  c lo se r  t o  one  
o f  t he  l ab  manufac tu red  t r ansduce r s  a t  t he  un ive r s i t y ,  i n  t h i s  way ,  b e i ng  
good  enough  fo r  expe r imen t ing  and  ach i ev ing  t he  goa l  and  a im.  
2 .  –  The  compu ted  based  e l ec t r i c a l  impedance  fo r  hav ing  nu l l  
r eve rbe ra t i on  on  t he  f ron t  f ace  o f  t he  t r ansduce r  fo r  t he  spec i f i c  
t r ansduce r  s imu la t ed  i n  hypo thes i s  1 ,   i s  pos s ib l e  t o  be  ach i eve  on ly  by  
ac t i ve  e l emen t s  wi th in  a  l imi t ed  bandwid th  c lo se  t o  t he  cen t r a l  
f r equency  o f  t he  t r ansduce r ,  w i thou t  de s t roy ing  t he  pu l se  echo .   
3 .  -  The  Impedance  syn thes i s  p rob l em may  be  fo rced  to  be  a  pu re ly  
f i l t e r  syn t hes i s  when  connec t ing  a  spec i f i c  R  o r  RC i mpedance  pa ra l l e l  
t o  t he  f i l t e r .   
4 .  –  The  a im and  goa l  a r e  expec t ed  t o  be  ach i eved  by  ac t i ve  e l emen t s  
u s ing  no  more  t han  one  OPAMS and  a  coup le  o f  e l emen t s  fo r  no i se  
exc lu s ion .  
5 .  -  I t  i s  pos s ib l e  t o  r ea l i z e  l ab  work  expe r imen t s  by  u s ing  two  
t r ansduce r s  s e t  up  fo r  power  p ro tec t i on  cons ide ra t i on  and  s ee  t he  
amoun t  o f  r e f l ec t i on  r educ t ion  .   
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10)	METHODS	
 
1 0 . 1  S T A T I S T I C A L  S O F T W ARE FOR ANALYSIS  AND 
SIMULATIONS:  
1 .  -  MATLAB® i s  a  h igh - l eve l  l anguage  and  i n t e r ac t i ve  env i ronmen t  
t ha t  enab l e s  u s  t o  pe r fo rm compu ta t i ona l l y  t a sks .  Unde r  NTNU l i cense  
fo r  s t uden t s ,  t h i s  t he s i s  work  ba se s  a l l  s imu la t i on  on  MATLAB 
p l a t fo rm.   
2 .  –  X-TRANS® i s  a  MATLAB too lbox  des igned  a t  ou r  home  un ive r s i t y  
NTNU fo r  s imu la t i ng  1D Transduce r s .   
3 .  –  MAPLE® i s  a  compu te r  a lgeb ra  sy s t em used  he re  fo r  f ac to r i za t i on  
and  equa t ion  syn thes i s .   
4 .  –  PROBELAB i s  a  MATLAB too lbox  des ign  fo r  da t a  acqu i s i t i on  o f  
d i f f e r en t  equ ipmen t  i n  ou r  LAB.    
 
10 .2  MATERIAL.  EQUIPMENT AND SET UP FOR LAB 
EXPE RI MENTS  
 
1 .  –  Impe dance  Ana lyze r  
2 .  –  D ig i t a l  Osc i l l o scope  
3 .  –  S igna l  Gene ra to r  
4 .  -  two  u l t r a sound  t r ansduce r s  s imi l a r  t o  t he  compu ted  mode l   
5 .  –  a  PC  wi th  t he  r equ i r ed  so f t ware  fo r  da t a  ana l ys i s    
 
The  s e t  Up  fo r  expe r imen t s  
The  t r ansduce r  1  i s  f aced  a s  c lo se  a s  pos s ib l e  t o  a  s econd  t r ansduce r  
and  u s ing  wa te r  a s  t he  p ropaga t ion  med ium.  
The  pu l se  echoes  measu remen t  i s  done  u s ing  an  o sc i l l o scope  and  PC  
connec t ed  fo r  ob t a in ing  da t a  i n  ma t l ab  f i l e s .    No te :  Us ing  a  s i gna l  
gene ra to r ,  a  s i ne  pu l se  wi th  a  cen t r a l  f r equency  a s  t he  t r ansduce r  
cen t r a l  f r equency  i s  t r ansmi t t ed .    
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Once  t he  measu remen t s  a r e  r eco rded  and  s to r ed ,  we  r epea t  t he  f i r s t  s t ep  
bu t  connec t ing  impedance  l oad  (pas s ive  and  Ac t ive )  t o  t he  s econd  
t r ansduce r  i n s t ead ,  t hen  measu re  t he  pu l se  echo  expe r imen t  a s  s t ep  2  
fo r  t he se  ca se s  and  s to r age  da t a .  Once  t he  d i f f e r en t  da t a  i s  s aved ,  i t  
may  need  t o  be  f i l t e r ed  u s ing  ma t l ab  pos t -p roces s ing  code  o r  t he  
o sc i l l o scope ’ s  f i l t e r  t oo l s .  To  s ee  t he  e f f ec t  o f  t he  e l ec t r i ca l  c i r cu i t  f o r  
r educ ing  t he  r eve rbe ra t i on ,  we  p roces s  t he  da t a  a s  nex t :    
Based  on  t he  S igna l  t o  S igna l  r a t i o ,  we  t ake  a s  a  r e f e r ence  s i gna l  t he  
pu l se  echo  i n  t r ansduce r  1 ,  g iven  t r ansduce r  two  a s  r e f l ec to r  w i thou t  
any  l oad  i n  t r ansduce r  two .  
We  cap tu re  aga in  t he  pu l se  echo  in  t r ansduce r  1 ,  bu t  t h i s  t ime  fo r  each  
connec t ed  l oad  t o  t he  s econd  t r ansduce r .   
We  ca l cu l a t e  t he  ene rgy  power  spec t rum o f  a l l  t he  measu red  s i gna l s  and  
f i na l l y  d iv ide  t he  spec t rum o f  ea ch  s igna l  by  t he  spec t rum o f  t he  
r e f e r ence  s igna l .  
We  do  a  P lo t  o f  t he  amoun t  o f  r educ t ion  g iven  by  each  l oad  t o  p rove  
t ha t  t he  e l ec t r i c a l  l oad  i nc rea se s  o r  dec rea se s  t he  r eve rbe ra t i on .     
He re  some  p i c tu r e s  and  ske t ch  o f  t he  s e t  up :  
 
 
 
 
 
Figure 15: Lab Experiment SetUp 
               A M P L I F I E R  F O R  O P T I M A L  R E F L E C T I O N  C O E F F I C I E N T  O F  U L T R A S O U N D  T R A N S D U C E R  
36                                                    [By J. Francisco Mainou G.]; January 2012 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               A M P L I F I E R  F O R  O P T I M A L  R E F L E C T I O N  C O E F F I C I E N T  O F  U L T R A S O U N D  T R A N S D U C E R  
37                                                    [By J. Francisco Mainou G.]; January 2012 
 
10 .3  PROCEDURES 
10 .3 .1  TRANSDUCER MODEL  
As  men t ioned  p rev ious ly ,  t he  s imu la t i ons  i n  t h i s  work  a r e  he ld  by  u s ing  
X-Trans  so f twa re  t ha t  con t a in s  t he  admi t t ance  ma t r i x  mode l  o f  t he  
r ev i ew  l i t e r a tu r e  s ec t i on ,  t he  co r r e spond ing  pa rame te r s  we re  a s  f i gu re  
16 .  
 
Figure 16: Xtrans Set Up Window 
10 .3 .1 .1  SPECTROSCOPY OF IDEAL ELECTRI CAL MATCHING 
IMPEDANCE “ Z0 ”  FOR T H E GIVEN MODEL  
By app ly ing  t he  fo rmu la t i on  o f  s ec t ions  8 .2 .1 .3  and  8 .3 ,  i t  i s  pos s ib l e  
t o  compu te  Z0 ;  i t  shou ld  be  t he  t o t a l  impedance  f rom the  r ece ive r  
i n t e rna l  r e s i s t ance ,  i nc lud ing  cab l i ng  and  any  t r ansmis s ion  l i ne  un t i l  
t he  e l ec t rodes  o f  t he  t r ansduce r .   I n  t h i s  r e sea rch  t he  impedance  
syn thes i s  i s  g iven  on ly  w i th in  bandwid th  c lo se  t o  t he  t r ansduce r  cen t r a l  
f r equency  k=2-6  MHz ,  be cause  r ea l i z a t i on  ou t s ide  o f  k  r ange  wou ld  be  
u se l e s s ,  due  t o  t he  band  l imi t  t r ansduce r  mode l l ed ,  and  u sua l l y  one  may  
on ly  s end  pu l se s  a round  the  cen t r a l  f r equency .    
The  Ana ly s i s :  For  f r equency  r e sponse  ana lys i s ,  f i gu re  17  and  18  a r e  
Bode  and  Nyqu i s t  p lo t  r e spec t ive ly .  Z i  i n  t he  p lo t  i s  t he  e l ec t r i c a l  
impedance  o f  t he  mode l  t r ansduce r  wh i l e  Z0  i s  t he  ma tch ing  impedance  
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t ha t  mus t  be  p l aced  a t  t he  e l ec t r i c  t e rmina t i on  o f  t he  t r ansduce r  fo r  
hav ing  non  r eve rbe ra t i on  a r t i f ac t s  fo r  t ha t  pa r t i cu l a r  mo de l .  
F rom the  bode  p lo t ,  a  band  pas s  r e sponse  i s  shown  in  t he  magn i tude  
s ide ,  wh i l e  t he  phases  p l o t  i nd i ca t e s  t he  i nduc t ive  r e sponse  t ha t  t h i s  
impedance  needs  t o  have .  An  odd  phase  sh i f t  nea r  t he  cen t r a l  f r equency  
wou ld  be  a  cha l l enge  because  i t  sh i f t s  up  and  down  qu ick ly  and  in  a  
sho r t  f r equency  r ange .  The  Nyqu i s t  p lo t  c l ea r ly  shows  the  i n s t ab i l i t y  
c r i t e r i on  i f  t h i s  we re  a  con t ro l l ed  sy s t em.  I t  a l so  shows  tha t  i t  wou ld  
neve r  be  ach i eved  wi th  on ly  pas s ive  e l emen t s  due  t o  l oca t i on  on  t he  
r i gh t  s i de  and  nega t ive  r e s i s t ance  va lues  t ha t  may  be  i n t e rp re t ed  a s  a  
so r t  o f  power  i n j ec t i on .  Ac t ive  e l emen t s  may  need  t o  be  u sed  a t  some  
spec i f i c  f r equency  va lues ;  howeve r ,  t he  cen t r a l  f r equency  can  be  
ach i eved  by  on ly  pas s ive  e l emen t s .  
 
 
 
Figure 17: Bode Plot Analysis for the impedance model to achieve, Z0. 
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Figure 18: Nyquist Plot for Z0 
To  have  an  i dea  o f  a  ma the ma t i ca l  expr e s s ion  t ha t  de f ine s  Z0  
pe r fo rma nce ,  we  app roach  a  mode l  by  f i l t e r  means  and  s ee  how c lo se  
w i th  co ld  we  ge t  t o  de f ine  an  equa t ion  fo r  i t .  Us ing  a  l ow  and  h igh  pas s  
f i l t e r  w i th  a  ne twork  func t ion  a s  fo rmu la  A .1 ,  t he  p lo t  19  shows  how i t  
app rox ima te s  t o  Z0  i n  t he  magn i tude ,  bu t  no t  i n  phase .  Fo r  f i l t e r ’ s  
de s ign  expe r t s ,  t he  u se  o f  a  phase  sh i f t e r  i s  ev iden t  a f t e r  u s ing  any  
f i l t e r  de s i gn  t ype .    
2
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When  a  down-sh i f t e r  equa t i on  i s  added  t o  t he  band -pass  f i l t e r ,  t he  new 
ne twork  func t ion  becomes  eq .  A .2 .   
Figure: 19: fitting Z0 with Rauch filters 
               A M P L I F I E R  F O R  O P T I M A L  R E F L E C T I O N  C O E F F I C I E N T  O F  U L T R A S O U N D  T R A N S D U C E R  
40                                                    [By J. Francisco Mainou G.]; January 2012 
 
 
3 8 2
16 5 9 4 3 7 2 14 21
5.6 1.05( )
9.36 7.55 1.214 1.8249 2.4 7.62Bp
S SH
S S S S S


 
            FORMULA A.2 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
The  need  fo r  an  i n t e l l i gen t  a lgo r i t hm to  sweep  t he  po l e s  and  ze ros  
a long  the  f r equency  ax i s  t ha t  f i t s  Z0  be t t e r  i s  c l ea r ,  bu t  t he  a im he re  i s  
t o  show tha t  Z0  i s  a  po lynomia l  exp re s s ion  wi th  h igh  deg ree  i n  bo th  
numera to r  and  denomi na to r ,  and  t o  ac h i eve  t h i s  exp re ss ion  w i th  pas s ive  
e l emen t  wou ld  r equ i r e  many  semi conduc to r s .   
10 .3 .1 .2  SPECTROSCOPY OF TH E ELECTRICAL NETWORK 
UNDER PULS E E CHO RESTRICTI O NS  
Because  t he  pu l se  echo  fo rma t ion  i n t roduced  i n  s ec t i on  8 .1 .2 .1  depends  
on  t he  e l ec t r i c a l  ma tch ing  ne twork  and  i t s  t r ans f e r  f unc t i on  He  in  bo th  
Tx  and  Rx  mode s ,  and  t he  r e f l ec t i on  on ly  depends  on  t he  He  in  Rx  
mode ;  I f  t he  Thevenn ing  t o t a l  e l ec t r i ca l  impedance  o f  t he  r ece iv i ng  
ne twork  i s  a s  p l an t ed  i n  s ec t i on  8 . 2 .12 ,  t hen  i t s  e l ec t r i c a l  t r ans f e r  
func t i on  i s  t he  f i l t e r  r e sponse  p lo t  i n  f i gu re  21 .   
Figure 20: The effect of shifting the network function 
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F i g u r e  2 1 :  B o d e  P l o t  o f  H e r x  
The  f i l t e r  t hen  does  no t  a t t enua t e  t he  pu l s e  echo ;  i t  ne i t he r  ha s  r i pp l e  
i n  t he  band  f r equenc i e s  no r  ou t s ide  t ha t  i nc r ea se s  t he  pu l se  l eng th .  I f  
t h i s  impedance  i s  a ch i eved  a s  t he  mode l  Z0 ,  t he  pu l se  echo  wou ld  be  
no t  de s t royed  and  on  t he  con t r a ry ,  wou ld  be  bene f i ced  because  i t  wou ld  
be  amp l i f i ed .       
10 .3 .2  PROPOSED PASSI VE CIRCUIT  FOR ACHIEVING “Z0”   
I t  i s  r e l evan t  t o  men t ion  two  i mpor t an t  f ac to r s  t ha t  i n f l uenced  t he  
dec i s i on  on  t he  chosen  c i r cu i t  t ha t  wi l l  be  i n t roduced :  
1 )  I t  i s  no t  pos s ib l e  t o  ach i eve  w i th  on ly  pas s ive  e l emen t s  an  
impedance  t ha t  f i t s  t he  cu rve  mode l  Z0  pe r f ec t l y  fo r  t h i s  p roposed  
t r ansduce r  ca se  based  on  p rev ious  spec t ro scopy  ana lys i s ,  bu t  a  
good  app rox ima t ion  i s  expec t ed  w i th  pa s s ive  c i r cu i t s  w i th in  t he  
cen t r a l  f r equency  o f  t he  t r ansduce r  and  i t s  su r round ing  
f r equenc i e s  fo r  mi n imi z ing  t he  r e f l ec t i on .    
2 )  Typ ica l l y ,  a  med ica l  u l t r a sound  t r ansduce r  cons i s t s  o f  a round  150  
and  200  e l emen t s  t ha t  e ach  need  t o  be  ma tched  w i th  an  e l ec t r i c a l  
ne twork ,  and  thus ,  we  canno t  accep t  pa s s i ve  c i r cu i t  t ha t  r equ i r e s  
more  t han  two  induc to r s  due  t o  t he  l a rge  space  t ha t  t hey  wou ld  
demand .   
               A M P L I F I E R  F O R  O P T I M A L  R E F L E C T I O N  C O E F F I C I E N T  O F  U L T R A S O U N D  T R A N S D U C E R  
42                                                    [By J. Francisco Mainou G.]; January 2012 
 
 
10 .3 .2 .1  THE FOSTER RL MODEL:  
The  c i r cu i t  t o  compu te  w i l l  be  t he  s ame  a s  f i gu re  10a ;  PSO a lgo r i t hm 
wi l l  be  app l i ed  bu t  t o  improve  comp u t ing  t ime  and  i n i t i a l i z a t i on  o f  t he  
a lgo r i t hm,  Fo rmula  42  i s  de r ived .  
2 2
3 22 1
1
1 2 2 3 1 2
2
( )( )
z
RL
SR LSR L S SZ R
SL R SL R S S
 
 
                  Fo rmu la  42   
To  cha rac t e r i ze  t h i s  c i r cu i t  and  app roach  t o  Z0 ,  t he  two  po l e s  roo t s  
“w 1 ”  and  “w 2 ”  o f  fo rmu la  42  a r e  s e t  up  t o  be  a t  3  and  6  MHz .  S ince  t he  
ze ros  roo t s  depend  o f  t he  po l e s  and  R1  va lue  t he  cha rac t e r i za t i on  
s t r a t egy  i s :    
EXPERI M ENT 1 :  From Formula  42 ,  W1  and  W2  are  s e t  t o  i n t e rac t  a t  
t he  f r equenc i e s  3  and  6  MHz  re spec t i ve l y ,  t he  r e s i s to r  R2  and  R3  to  be  
t he  same  va lue  o f  10  Ohms .  We  cons idered  s i x  case s  t o  p lo t :  
Case  1 :  R1=0 .1  
Case  2 :  R1=10  
Case  3 :  R1=1000  
Mov ing  W1  and  W2  a t  t he  f r e quenc i e s  o f  6  and  12  MHz:  
Case  4 :  R3=R4= 100  
Case  5 :  R3=10R4  
Case  6 :  R3= 0 .1R4  
EXPERI M ENT 1a :  Given  the  r e su l t s  o f  Exper imen t  1 ,  we  rear range  the  
s i x  men t ioned  cases  c lo se  t o  t he  va lues  o f  t he  be s t  ca se .  
EXPERI M ENT 1 b :   We  in i t i a l i ze  t he  PSO a lgor i t hm  w i th  w id t h  range  
o f  va lues  and  us ing  t he  ob j ec t i ve  f unc t ion  i n  f o rmu la  43 ,  we  compare  
t he  r e su l t s  w i th  t hose  ach i eved  i n  exper imen t  1a :  
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No te :  t h i s  f o rmu la  f i nds  t he  be s t  va lue s  o f  RL  fo s t e r  c i r cu i t  e l emen t s  
f o r  f i t t i ng  t he  curve  Z0  (The  mode l ) .  
EXPERI M ENT 1c :   We in i t i a l i z e  t he  PSO a lgo r i t hm wi th  wi d th  r ange  
o f  va lues  and  us ing  t he  ob j ec t i ve  func t i on  i n  fo rmu la  44 ,  we  compare  
t he  r e su l t s  w i th  t hose  ach i eved  in  expe r imen t  1a  and  1b :  
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N o t e :  t h i s  f o r m u l a  f i n d s  t he  b e s t  v a l ue s  o f  RL  f o s t e r  c i r c u i t  e l e m e n t s  
f o r  m in im i z ing  t he  r e f l e c t i on  coe f f i c i e n t s  a t  t h e  f ro n t  f a ce  o f  t h e  
t ransducer .   
10 .3 .2 .1  THE RLC MODEL:  
T h e  c i r c u i t  t o  c o m p u t e  w i l l  b e  t h e  sa me  a s  f i g u r e  1 2 ;  P S O  a l g o r i t h m 
w i l l  b e  a p p l i e d  a n d  t o  i mp r o v e  c o mp u t i n g  t i me  a n d  i n i t i a l i z a t i o n ,  
Fo rmu l a  4 5  i s  d e r i v ed .  
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I t  i s  q u i t e  d i f f i c u l t  t o  fo re s e e  t h e  roo t s  o f  t he  po l e s  i n  equa t i on  45  
because  f ac to r i z a t i o n  l au nches  comp l e x  r o o t s  i n  b o t h  n u me r a t o r  a n d  
d e n o mi n a t o r .  We  s i mp l i f y  4 5  t o  b e c o me  e q u a t i o n  4 6  a n d  s e t  u p  a  n e w  
e x p e r i me n t .  
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EXPERI M ENT 2 :  From Formu la  46 ,  w e  s e t  a  t o  t a k e  v a l u e s  w i t h i n  t h e  
i n t e r e s t i ng  b a n d w i d t h  ( 2 - 6  M H z ) ,  r e s i s t o r  R2  t o  be  10  ohms  and  va ry  
L 2  t o  mo v e  W2  a s  t h e  s i x  c a s e s  t o  p l o t :  
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Table 1 
Case:  2 
1  1 Mhz 
2  1.5 Mhz 
3  2 Mhz 
4  3 Mhz 
5  4 Mhz 
6  5.5 Mhz 
 
EXPERI M ENT 2a :  Given  t he  r e su l t s  o f  Exper imen t  2 ,  we  r ear range  t he  
s i x  men t i oned  case s  c l o se  t o  t he  v a l ue s  o f  t he  b e s t  c a s e .  
EXPERI M ENT 2b :  we  in i t i a l i z e  t he  PSO a lgor i t hm  w i th  c lo se  va lue s  t o  
be s t  ca se  i n  t h e  p rev io u s  exper ime n t  u s ing  t he  ob j ec t i v e  f unc t i on  i n  
e q u a t i o n  4 3 :  
       
   
2 2
2 2
1
(Re 0( ) Re ( ) ) (Im 0( ) Im ( ) )
( )
(Re 0( ) ) (Im 0( ) )
k
RLC RLC
i
i
Z i Z i Z i Z i
F x
Z i Z i
         FORMULA 47  
EXPERI M ENT 2c :  w e  i n i t i a l i z e  t he  P S O  a l g o r i t h m  w i t h  c l o s e  va l u e s  t o  
t he  be s t  ca se  i n  t he  p rev io us  exper imen t  u s ing  t he  ob j ec t i v e  f unc t i on   
1
( ) ( )
k
i TXD
i
F x R i

           FORMULA 48  
10 .3 .3  PROPOSED ACTI V E CIRCUI TS  FOR ACHIEVI NG “Z0”  
1 0 . 3 . 3 . 1  B R U T O N ’ S  G Y R A T O R :  
The  inpu t  impedance  o f  t he  An ton ius  gy ra to r  i s  g iven  by  eq .  33 .  We  
be l i eve  i n  s ec t i on  10 .3 .1  t ha t  i n  o r de r  t o  ach i eve  e l ec t r i c a l  ma tch ing  
impedance  a s  Z0 ,  t he  po lynomi a l  exp re s s ion  t ha t  may  desc r ibe  i t ,  
s hou ld  be  qu i t e  s imi l a r  t o  t ha t  u sed  fo r  a  BP  f i l t e r  and  a  sh i f t e r  c i r cu i t  
o r  exp re s s ions .   
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EXPE RI MENT 3 :  Cen t e r ed  on  t ha t  and  us ing  t he  gy ra to r  c i r cu i t s  
p roposed  i n  s ec t i on  8 .6 .3 .1 ,  we  p rop ose  a  combina t i on  o f  4  t ypes  o f  RC  
c i r cu i t  a s  f i gu re  22 .  Za ,  Zb ,  Zc  and  Zd  subs t i t u t e  impedances  Z1 ,  Z2 ,  
Z3 ,  and  Z4  i n  fo rmu la  33 ,  and  Z5  a s  a  l oad  R7 .   I n  t h i s  way  2  
combina t i ons  w i l l  be  s t ud i ed  a s  pa r t  o f  t he  expe r imen t .   
 
 
 
 
 
 
 
Exper iment  3a :  G i ven  t he  p r i o r  c i r cu i t s  and  i t s  equa t i ons ,  i n se r t  t hem 
in  fo r mu la  33 ;  use  t he  PSO a lgo r i t hm to  mi n i mi ze  t he  r e f l e c t i on  
coe f f i c i en t s  on  t he  t r ansduce r  f ron t  f a ce  and  t o  f i nd  t he  be s t  op t ima l  
va lue s  fo r  e ach  componen t  i n  fo rmu l a  49 .  
Combina t i on  1 :  
      7 b cgyrator
a d
Z ZZ R
Z Z
                       FORMULA 49  
 
 
Exper iment  3b :  Use  t he  PSO a lgo r i t hm to  mi n i mi ze  t he  f l e c t i on  
coe f f i c i en t s  on  t he  t r ansduce r  f ron t  f a ce  and  t o  f i nd  t he  be s t  op t ima l  
va lue s  fo r  e ach  componen t  g iven  t he  combina t i on  2 .  
 
Combina t i on  2 :  
7
a d
gyrator
b c
Z ZZ R
Z Z
                        FORMULA 50  
 
 
Figure 22: 4 RC circuits to Integrate the Bruton’s Gyrator 
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10 .3 .3 .2  ACTI VE IMPEDANCE APPROACHES USI NG THE 
GENERAL FORM: 	
The  nex t  expe r imen t  4  cons i s t s  o f  u s ing  equa t i on  36  g iven  t he  
connec t i on  o f  a  f i l t e r  H0  i n  pa r a l l e l  t o  impedance  Za  i n  f i gu re  14 ,  and  
s ee  how H0  shou ld  be  g iven  Za  i f :  
EXPE RI MENT 4 a )  Za  i s  pu re ly  r e s i s t i ve .  
EXPE RI MENT 4 b )  Za  i s  pu re ly  capac i t i ve .  
EXPE RI MENT 4c )  Za  i s  a  s e r i e s  RC  c i r cu i t .  The  dependency  i n  bo th  R  
and  C  va lue s  i s  ana lyzed .   
EXPE RI MENT 4 d )  Za  i s  a  pa r a l l e l  RC  c i r cu i t .  The  dependency  i n  bo th  
R  and  C  va lues  i s  ana lyzed .  
1 0 . 3 . 4  P R O P O S E D  C I R C U I T S  F O R  M A T C H I N G  T H E O R Y  A N D  L A B  
RESULT S.   
EXPE RI MENT 5 :  based  on  t he  RL  fo s t e r  app roach  and  g iven  t he  be s t  
va lue s  i n  expe r imen t  1a - c  and  f i gu r e10a .  Cons t ruc t  an  e l ec t r i c a l  c i r cu i t  
w i th  commerc i a l  va lue s  a s  t hose  t o  t he  op t ima l ;  t h i s  w i l l  be  ou r  pa s s ive  
ne twork .  Compu te s  how the  r e f l e c t i on  coe f f i c i en t s  va ry  i f :  
A)  The  t r ansduce r  ha s  no t  l oaded .  
B )  The  RL  c i r cu i t  i s  g round .  Th i s  i s  pa r a l l e l  t o  t he  t r ansduce r  e l ec t r i c a l  
t e r mi n a l s .  
C )  The  RL  c i r cu i t  i s  connec t ed  t o  1MHz  r e s i s t o r  a s  i t  i s  when  connec t ed  
t o  t he  o sc i l l o scope .   
D)  The  e l ec t r i c a l  c i r cu i t  o f  t he  nex t  f i gu re  23  i s  connec t ed  a s  l oad .   
                                                                                                                 
Figure 23: Active Circuit for the Lab Experiment 
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E)  Use  t he  R .C  o f  t he  t r ansduce r  a s  r e f e r ence  and  compare  t he  r a t i o  
be tween  t he  R .C  fo r  e ach  l oad  s i t ua t i on  and  t he  r e f e r ence .  I n  t h i s  way ,  
we  measu re  t he  r educ t i on  g iven  by  t he  added  l oad .  
F )  Rea l i ze  t he  s e t  Up  fo r  expe r imen t s  de sc r ibed  i n  s ec t i on  10 .2  and  
compare  t he  s imu la t i on  wi th  t he  p r ac t i c a l  i n fo rma t ion .   
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11)  RESULTS: 
11.1  SIMULATIONS: 
11.1.1 Passive Elements: 
Analysis for the Foster Circuit Approach on Experiments 1 and 1a‐c 
  The  a im o f  t he  expe r imen t  was  t o  f i nd  a  ma thema t i ca l  exp re s s ion  
fo r  impe dance  syn thes i s  o f  t h i s  c i r cu i t  by  u s ing  spec t ro scopy  o f  
t he  po l e s  and  roo t  o f  t he  impedance  po lynomi a l  exp re s s ion .   Po l e s  
roo t s  we re  s e t  t o  a  spec i f i c  cu t  o f f  f r equency  t o  make  behave  and  
supe rv i se  t he  e f f ec t  o f  t he  r e s i s t o r ’ s  va lues  on  t he  ze ro s  roo t s .  
  Two Ob j ec t i ve  func t i ons  fo r  t he  PSO a lgo r i t hm wi th  huge  
i n i t i a l i z a t i on  va lue s  we re  t e s t ed  t o  see  how power fu l  i t  was .   The  
r e su l t s  a r e  nex t  and  exposed  
1 )  Exper iment   1 ,  s ee  t he  bode  p lo t  o f  f i gu re  24  and  t he  Ree l ec t i on  
Coe f f i c i en t s  R .C  in  f i gu re  25  :  
The  bod  magn i tude  o f  t he  RL  fo s t e r  c i r cu i t  was  expec t ed  t o  
app roach  t he  Z0  p lo t  ( I dea l  Mode l )  by  s e t t i ng  t he  po l e s  r oo t  t o  be  
3  and  6  MHZ fo r  ca se s  1 ,  2  and  3 .  R1  was  r andomly  t o  s ee  i t s  
upsho t .  The  compu ta t i on  was  ce r t a in  i n  magn i tude  g iv ing  Case  2  
a s  t he  be s t  o f  t he se  t h r ee  ca se s  because  R1  had  a  l ow  o f  10  ohms  
va lue .   Howeve r ,  t he  phase  was  comp le t e ly  odd  because  ze ros  a l so  
p l ay  a  c ruc i a l  r o l e  t ha t  we  t r i ed  t o  gues s .  The  op t imum case  was  
t o  sh i f t  t he  po l e s  r oo t s  cu t  o f f  f r equency  and  keep  R1  even  l ower .  
Th i s  i s  c a se  5 .  Thus  t he  consequences  o f  c a se  2  and  5  on  R .C  a r e  
s l i gh t l y  bu t  app rec i ab ly  r educed .   
2 )  Exper iment   1a :  s ee  f i gu re  26  and  f i gu re  27 :  
1a  t r you t  p l ayed  w i th  t he  be s t  c a se  o f  expe r imen t  1 ,  and  
r eca l cu l a t ed  s i x  new  ca se s .  Keep i ng  t he  po l e s  roo t s  bu t  i nc r ea s ing  
o r  r educ ing  t he  r e s i s t o r s  va lue s  t o  f i nd  ou t  how they  impac t ed  t he  
ze ro s  expr e s s ion  was  t he  focus  o f  t h i s  new  expe r imen t .  We  found  
a  no t ab l e  r educ t i on  by  dec rea s ing  t he  r e s i s t o r s  R2  and  R3 .  The  
be s t  ou t come  was  Case  5  a s  can  be  s een .   
3 )  Exper iment  1b  and  c :   s e e  f i gu re s  28  and  29 .  
I dea l l y  t he  Op t imiza t i on  t oo l  (PSO a lgo r i t hm)  was  chosen  fo r  i t s  
g r ea t  f l ex ib i l i t y  fo r  f i t t i ng  cu rve  shapes  whe re  non  i n i t i a l i z a t i on  
i s  needed  o r  c anno t  be  p r ed i cab l e .  Howeve r ,  we  have  t he  f ee l i ng  
t ha t  t he  ob j ec t i ve  func t i on  shou ld  r a the r  f ocus  on  mi n i mi za t i on  o f  
t he  r e f l ec t i on  coe f f i c i en t s  equa t ion  by  u s ing  t he  “DJong’ s  
func t i on”  t hus  we  p roceed  t o  compare  t h i s  w i th  1b  and  1c  t r i a l s .  
We  a l s o  t e s t e d  t h e  ma t h e ma t i c a l  be s t  c a l cu l a t i on  o f  expe r imen t  1  
and  1a  t o  s ee  i f  t he  PSO has  o r  no t  a  be t t e r  so lu t i on .  
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The  ou t comes :  t r emendous  R .C  reduc t i on  i s  ach i eved  by  u s ing  t he  
PSO a lgor i t hm  even  t hough  a  l im i t ed  va lue  o f  i n i t i a l i za t i on  was  
no t  i n t roduced  and  when  conver t i ng  t he  f i t t i ng  curve  prob l em in to  
a  m in im i za t i on  u s ing  DJong’ s  f unc t i on  f o r  R .  Coe f f i c i en t s .   
Ma thema t i ca l  approaches  canno t  however  be  neg l ec t ed ,  bu t  
compu te r  means  show  grea t  impac t .   
The Experiment 1 was the use mathematical formulas for Impedance syntheses of the RL foster 
circuit proposed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
REFLECTION GIVEN THE RESULTS OF EXPERIMENT 1 
Figure 24: BODE PLOT OF THE RESULTS OF EXPERIMENT 1 
Figure 25: Reflection C. of Experiment 1
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Experiment 1a repeated best case in experiment 1 but moving its pole roots: 
 
 
 
 
 
 
 
 
 
 
 
 
Figure26: BODE PLOT OF THE RESULTS OF EXPERIMENT 1a 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27: REFLECTION GIVEN THE RESULTS OF EXPERIMENT 1a 
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For 1b experiment the optimization consisted of fitting a curve, this is the total impedance of 
the RL foster circuit to be identical to the Z0 which was the ideal impedance for achieving 
non R.C. In contrast, experiment 1c used minimization of an objective function that computes 
the reflection coefficients.  The plot for compering all experiments of the foster RL circuit is 
pasted here:  
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Figure: 28 BODE PLOT OF THE RESULTS OF EXPERIMENT 1‐1c 
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Figure 29: REFLECTION GIVEN THE RESULTS OF EXPERIMENT 2‐2c 
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Analysis for the RLC Circuit Approach on Experiments 2 and 2a‐c 
 
 A canonical experiment RLC circuit was chosen because it was believed that by 
introducing a Capacitor component in the foster RL circuit, more flexibility in phase 
shift would be attained.  
 The experiments 2 and 2a-c consisted of explaining mathematically how the RLC 
circuit behaves in frequency domain and used the PSO algorithm for comparing once 
again the importance of choosing the Objective Function and optimization problem 
carefully.    
 
Experiment 2, see the bode plot of figure 30 and the Reelection Coefficients R.C in figure 31: 
Paying attention to the formulation in equation 45 and 46, a factorization to control 
only the complex root on the numerator containing most of the element in the circuit 
was done. This allowed the controlling of the action of the circuit only in the desired 
bandwidth 1-5.5 MHz and letting R2 be a fixed value and thus allowing the complex 
root to influence the root called “W2”. The best case in the bode plots and R.C was 
achieved by case 3 where the complex root reached 2 MHZ.  
 
Experiment 1a: see figure 32 and figure 33: 
Once we saw that a good approaching was obtained by our factorization process, we 
evaluated the influence of moving the value of the capacitor and the resistor 2 to 
control the equation, results were interesting but not improved, thus we proceeded to 
the next experiment.   
 
Experiment 1b and c:  see figures 34 and 35. 
Once again we have proved the importance of choosing the right objective function to 
work with, using the minimization of RC by Djong’s equation must then be the 
objective function for futures optimization.  
 
Observation: It is crucial to mentioned that the hypothesis based on the experiment 2 
of introducing a capacitor for controlling the phase shift of the circuit was proven. 
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The Experiment 2 was the use mathematical formulas for Impedance syntheses of the proposed 
RLC circuit by canonical approach. 
The dashed ellipse, in the Bode Plot for the results of experiment 2, points the vulnerable 
region that depends on 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30: BODE PLOT OF THE RESULTS OF EXPERIMENT 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 31: REFLECTION GIVEN THE RESULTS OF EXPERIMENT 2 
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The Experiment 2a improved the result in experiment 2 by moving the capacitor and the pole root 
of the best case result on it.  
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Figure 32: BODE PLOT OF THE RESULTS OF EXPERIMENT 2a
Figure 33: REFLECTION GIVEN THE RESULTS OF EXPERIMENT 2
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Experiment 2b and 2c used optimization with different objective function. 
For 2b experiment the optimization consisted of fitting a curve, this is the total impedance of 
the RL foster circuit to be identical to the Z0 which was the ideal impedance for achieving 
non R.C. On the contrary, experiment 2c used minimization of an objective function that 
computes the reflection coefficients.  The plot for compering all experiments of the foster RL 
circuit is pasted here:  
Figure 34: BODE PLOT OF THE RESULTS OF EXPERIMENT 2‐2c 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 35:  REFLECTION GIVEN THE RESULTS OF EXPERIMENT 2‐2c 
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11.1.2 Active Elements: 
 
Gyrator circuits Experimental results (3) 
 
The higher the exponential degree in both numerator and denominator in any 
polynomial expression, the bigger the needed effort for characterizing or controlling 
the roots of poles and zeros in that network function independent from each other.  
The propose of this master thesis was not to find a mathematical method for 
characterizing the impedance synthesis, rather we tried to find a mathematical 
expression to characterize the X-Trans simulated model for this specific transducer 
case that allowed us to achieve zero reflection caused by our transducer front face by 
spectroscopy analysis (see section 10.3.1.1), and then to find passive or active circuits 
that may fit Z0 (the model) or have a similar mathematical expression as the model. 
Thus, Experiment 3 was to apply the PSO algorithm to the equation of two different 
gyrator combinations and see how far they could approach the target.  
 
For the outcomes here see figures 36 for Bode graphs and 37 for Reflection 
coefficients caused when using the two gyrator cases. 
 
“Using nonspecific values for initialization the PSO algorithm, the Obtained R.C in 
both cases are quite convincing in this simulation section for orientating the Matching 
network to Gyrators characterization. Both of them tend to reduce dramatically the 
reflection at the central frequency of the simulated transducer, this is 4 MHz  
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Experiment 3 used optimization for two different Gyrator circuits. 
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Figure 36: Gyrator Combination 1 vs 2. Bode analysis 
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Figure 37: R.C of the Gyrator 
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The Experiment 4: 
Let’s remember the theory in section 8.6.2.2, it describes the general principle for 
active impedance synthesis, the approach is illustrated using figure 14.  It states that 
any active circuit connected in parallel to given passive impedance, called Za, will 
emulate an active impedance at the input terminal or junction between the transfer 
function of the active element H(p) and the impedance Za. This emulated active 
impedance is written as ZT in formula 35. 
The Description: 
The computed research in this section consisted of considering Z0, the impedance X-
Trans model, as ZT in formula 36 and discovering how H(p) would be if Za is as in 
the next 4 cases. In this way if Za is predefined and Z0 is known, we convert the 
impedance synthesis into a filter synthesis, this is a tremendous approach because 
there is an amount of literature for filter synthesis in frequency.   
a) Za is purely Resistive, this is Za is a resistor.  
b) Za is purely Capacitive, this is Za is a capacitor. 
c) Za is a RC series circuit. 
d) Za is a RC parallel circuit.  
The results are shown in figures 38 for a), 39 for b), and figure 40 has the comparison 
of the 4 cases.  
- IF the case is to have Za only as a resistor, the filter is strongly dependent on the 
values of R, if the resistor were small, the magnitude of the filter needed would be 
almost 0dB and flat in the whole frequency axis. The phase shift is a bit more sensible 
to R but still it can still be said to be. 
-If the case is to have a capacitor, the filter reacts similarly to being a resistor but the 
phase shift and magnitude of the simulated filter is closest to zero when the capacitor 
value is as big as possible for our simulation the red line in figure 39 is when C is 1µF 
and yellow if it is 1 pf.  
If the circuit were an RC type, no matter whether it is series or parallel, we’d only 
need a band pass filter that behaves as the plots in figure 41, but this requires having 
more than one semiconductor.  
The best and further work is to investigate if by using only a buffer OPAM in parallel 
to a big capacitor would dramatically reduce the transducer reflection in its front.  
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Figure 38: The filter design if Za were only resistive 
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Figure 39: The filter design if Za were only capacitive 
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Figure 40: The filter design if Za were as the legend in the figure. 
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11.2 LAB EXPERIMENTS: 
 
The Experiment 5: 
Here we tried to verify theory with simulation and experimental lab. The main Objective was 
only to verify if a Reduction of the pulse echo exist due to the load i.e. electrical circuits. 
 
 Processed data from real test: 
 
 Figure 41 shows the pulse echoes obtained by measuring the signal coming from transducer 1 
given the transducer 2 as target with and without load.  
 
The Label VpeRLs points the pulse echo in transducer one facing transducer two connected to 
the RL foster circuit when the circuit is shorted. VpeRLo by contrariety is when the same 
circuit is open. VpeTxd is the same pulse echo but when there is not load in transducer two.  
Figure 42 it illustrates the Signal-to-Signal Ratio for all tested impedance. The graph shows 
the signal-to-signal ratio, the division of the power energy spectrum of the measured signals 
when transducer two is connected to the electronics and a reference signal. This reference 
signal is the pulse echo when the same transducer 2 is not connected to a load. Because a 
reduction exists, the ratio is below to 1 on y-axis. The simulated transducer has a central 
frequency of 4 MHz 
The Label RLs points the result given the RL foster circuit when the circuit is shorted. RLo by 
contrariety is when the same circuit is open. Finally Active 1 indicates the results or amount 
of reduction when the active circuit of figure 40 is connected to the transducer 2.  
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Figure 42: Pulse Echoes of the LAB Experiment
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Figure 42: Signal‐to‐Signal Spectra Ratio
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12 	VALIDITY 	AND 	RELIABILITY 	 	
 
All simulation presented  in here were done base mathematical expression of different circuits, this 
equations were obtained either  from  the  references or by  circuit analysis and  confirmed by using 
Maple  for calculating  roots. The PSO was  tested before  implemented  for  the  task. Simulations are 
high reliable while Lab work was not really supervised by an expert of the matter. 
 
It should have spent more time testing different circuits through the Lab experiment. One had also to 
work with materials  that were  availed  at  the  department  of medical  circulation  and  not  close  to 
those optimal  in simulation. Better  layout or circuit board and characterization of noise are needed 
to match simulation with experimental work.  
 
Beside  all  the  above,  the  Lab  Experiment  results  and  post  processing was  done  using  the  power 
spectrum signal‐to‐signal ratio to illustrate how the active circuit and also the passive circuit decrease 
or increase the peak‐to‐peak voltage of the pulse echo measured when the two transducer are faced. 
This  experiment  is  high  reliable.  It  points  the  reduction  of  the  voltage  which  means  that  the 
transducer two becomes absorptive given the electrical load.  
 
We feel happy to show that OPAMS met the aim and also that the circuit was really noise robust.  
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13 	CONCLUSIONS 	
To find mathematical methods for impedance synthesis it is possible for any purely passive 
impedance circuit using the methods presented in the reviewed literature. However, the ideal 
impedance simulated model Z0, which will not provoke reflection on the transducer front face 
for the specific simulated transducer here, requires better approximation or estimation 
methods to find a polynomial mathematical equation that describes its behavior such as Z0 
does in the frequency axis.  
Particle Swarm Optimization (PSO) algorithm showed robustness to the initialization of the 
same algorithm. This means that using the PSO algorithm, the range of values that a given 
individual semiconductor in the electric circuit to work  do not need to be delimited to 
approach the best global solution. However, wide initialization ranges will decrease the 
compute speed and increase the required time to optimize.   
The PSO algorithm was chosen because it has been applied to the fitting curve optimization 
task in many others scientific fields, but we compared how it would work if the optimization 
task focus only in minimization of the formula for computing the reflection coefficients 
derived by the admittance matrix and in section 8.2.1.3 by using the objective called “Djong’s 
equation” and we achieved incredible results. For this research PSO algorithm and the 
mentioned optimization objective were vital to achieve the hypothesis. 
Restringing to the optimization task was not included as the part of the objective function to 
use. However section 10.3.1.2 indicates that if and only if the total impedance of any electric 
circuit passive or active is measured at the transducer’s electrical terminals, then the pulse 
echo is beneficed as mentioned there.  
The passive electric circuits that we have proposed here approached the aim in a good - 
modest manner because they reduce the reflection but slightly reduce the pick to pick voltage 
level of the pulse echo signal.  
The active impedance emulated using gyrators move toward the goal but still cannot be 
optimal if and only if they are not close enough to the impedance model. In order to achieve 
that for these cases was Z0 because it may also attenuate Z0 if they are not designed carefully. 
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On the other hand, the Active impedance general formula referred to in section 8.6.2.2 brings 
a possible trend for transducer electrical coupling design, because the general approach 
towards Impedance synthesis utilizes a filter design to affix the values of the Active 
Impedance circuit. In other words, we could take this property to define any kind of Analogue 
active filter to improve or process the pulse echo and reduce the reflection coefficients by 
adding a parallel passive impedance to the desired filter.  
The Lab experiment was successfully implemented and the set up was useful to test the 
simulation. 
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APENDIX: A.1 
Nyquist plots:  
 
 
 
 
 
 
 
